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IN THE 
LABORATORY SERVING 
AMERICA’S WAR EFFORT 


. . . TAG CELECTRAY Pyrometers control 
laboratory furnaces to 0.1° ...0.01° ...or 
one microvolt because they alone utilize high 
speed photoelectric action, employing a 
photoelectric tube, a mirror galvanometer 
and a beam of light. 

. . the new TAG-Heppenstall Moisture 
Meter, ‘‘dielectric’’ type which supplements 
the present line of TAG-Heppenstall Mois- 
ture Meters for Grain, Lumber, Tobacco, 
etc., and extends the field of moisture meas- 
urement by electrical instruments to solu- 
tions and powders. 


High standard fuels and lubricants enable 
America's tanks, planes, ships and motorized 
equipment to operate more effectively. In 
hundreds of laboratories, TAG Oil Testing 
Instruments aid in determining and holding 
these vital standards. Put these TAG Instru- 
ments to work in YOUR laboratory. 


... TAG Petroleum testing equipment for 
acid heat, gum stability, Ramsbottom carbon 
residue, grease consistency, kinematic vis- 
cosity, flash and fire, etc. 
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Your particular attention is directed to 
the illustrations at the right of TAG's Yel- 
low-Back WIDE Bore A.S.T.M. Thermometers 

and TAG's A.P.I. Certified Hydrometers. 

These improved instruments are accepted 

standards for temperature and gravity 

measurement throughout the oil industry. 

Catalog No. 699-E includes all the lat- 
est TAG Oil Testing Instruments, as well 
as TAG'S complete line of Laboratory 

Thermometers, Hydrometers, and other 

Apparatus accepted as standard through- 

out the oil industry. Use the coupon be- 

low and get your copy of this catalog 

699-E. 














C. JISTAGLIABUE MFG CO.. 
BROOKLYN. N. Y. 





C. J. TAGLIABUE MFG. CO. 
Park and Nostrand Avenues, Brooklyn, N. Y. 


Gentlemen: Please send me a copy of your new TAG Catalog No. 699-E 
Name 
Address 


City 





illite th dhdietadhadhedhed AAA AA po 









Instruments 


M. F. BEHAR, Editor 
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where in Jnstruments, all evidences of active interest in 
Instrumentation officially displayed by scientific and engi- 
neering organizations. Now, for the first time, but heartily, 
we hail the American Association for the Advancement of 
Science which has called for next August what will be the 
longest and most thoroughgoing conference on Instrumen- 
tation ever held. The following abstract of the official no- 
tice speaks for itself: 


| has been a pleasure to report, on this page or else- 


A. A. A. §.—Gibson Island Conferences 


NEIL E. GORDON, Director 
JOHN C. KRANTZ, JR., Assistant Director 


This is the fifth summer that special research conferences 
have been held at Gibson Island under auspices of the 
American Association for the Advancement of Science. 
During this five-year period they have grown from two 
weeks in the summer of 1938 to ten weeks in 1942. Because 
of this growth the association has purchased a property, 
and the conferences are now placed on a permanent basis. 
These Gibson Island conferences owe their excellence and 
popularity to careful planning of the programs by experts, 
choice of the invited contributors, freedom with which con- 
tributors make excursions along and sometimes beyond the 
frontiers of the known, opportunities for abundant discus- 
sion, limitation of participants to 60, and delightful sur- 
roundings. . . . Conferences for the summer of 1942: 


A. Frontiers in Petroleum Chemistry. C. R. Wagner, chair- 
man; Robert E. Burk, Vice Chairman. June 15-19 

B. Catalysis. E. C. Williams, Chairman; Hugh S. Taylor, Vice 
Chairman. June 22-26. 

Cc. Relation of Structure to Physiological Action. |). L 
Tabern, Chairman; W. H. Hartung, Vice Chairman. June 29- 
July 3. 

D. Organic High Molecular Weight Compounds, S. S. Kistle: 
Chairman; H. Mark, Vice Chairman. June 6-10 

E. Structure and Chemistry of Textile Fibers. Milton Harris 
Chairman; H. Spurlin, Vice Chairman. July 13-17 

F. Vitamins. Walter C. Russell, Chairman; R. Adams Dutch 
ler, Vice Chairman. July 20-24. 

G. X-Ray and Electron Diffraction. B. E. Warren, Chairman; 
A. L. Patterson, Vice Chairman. July 27-31. 

H. Corrosion. R. M. Burns, Chairman; R. B. Mears, Vice 
Chairman, August 3-7. 

I. Chemical Growth Promoters. E. S. Cook, Chairman; Dean 
Burk, Vice Chairman. August 17-21. 


‘ 


J. Instrumentation. John J. Grebe, Chairman; Richard 
Rimbach, Vice Chairman. 

August 24. M. F. Béhar: General Discussion, Terminol- 
ogy, Symbols, Dimensional Analysis. H. S. Winniki and 
J. J. Grebe: Designing Process Equipment to Obtain Self- 
Regulation, Advance Notice Devices, Time Control, and 
Ratio Control. 

August 25. Bradford Noyes, M. J. Zucrow, and W. G. 
Brombacher: Requirements of Measuring and Detecting 
Elements, Sensitivity, Instrument Lags, and Location. 
Ralph H. Miiller: Detecting and Measuring Elements for 
Chemical Conditions or Composition, Sampling, and Elec- 
trode Design. 

August 26. Charles S. Draper and K. J. DeJuhasz: Indi- 
cating and Recording Devices—Their Sensitivity, Lags, 
Types and Methods; Metering, Weighing, Integrating. C. 





KEEP 'EM ROLLING!—If we do not destroy 


Instrumentation Receives the Accolade 


Fascism it will destroy us—KEEP ’EM FLYING! 





















































O. Fairchild and R. W. Gilbert: Electronic Devices as a 
Class of Measuring and Control Equipment. 

August 27. C. E. Mason: Stability of Processes and In 
struments Using Floating and Proportional Position Re- 
sponses. J. C. Peters: Application of Second Derivative ana 
Special Function Response. 

August 28. H. Ziebolz and R. D. Webb: Characteristics of 
Primary Relays, Power Units, Servo Mechanisms, Control 
Valves, Pipes, and Pumps. Gordon Brown: Mathematical 
Analysis; Methods of Obtaining Highest Speeds and Ac- 
curacy. 


Gibson Island is situated in Chesapeake Bay about 20 
miles south of Baltimore. It is approximately 1,000 acres in 
area and is connected with the mainland by a causeway. 
Admission to this privately controlled island is by card only 
from the Gibson Island Club sent by the director at the 
time of registration. The island offers opportunity for goif, 
tennis, salt and fresh water bathing, fishing, and sailing. 

The conference property provides accommodations for 
about 50 men in addition to a conference room. 

Substantial gifts by industrial companies whose labora- 
tories have been represented at the Gibson Island confer- 
ences have enabled the association to purchase the prop 
erty. Each contributing company has the right to have a 
representative at each conference. This is a_ substantial 
right because there have been many more applicants for 
admission to the conferences than can be accommodated 
unless the limit of 60 that has been set is exceeded. The 
participants have felt that to enlarge the conferences would 
take from them something of the informality and intimate 
contacts that make them most valuable. Companies that 
have made the purchase of this property possible are: 


Atlantic Coast Fisheries Co., The Barrett Co., The Bell T 
phone Laboratories, Davison Chemical Corp., Distillati 
Products, Ine., Ethyl Gasoline Corp., Gelatin Products Cx 
General Electric Co., B. F. Goodrich Co., Hercules Powder Co 


Inc., Leeds & Northrup Co., Merck & Co., Ine Monsanto 
Chemical Co., Norton Co., Pittsburgh Plate Glass Co., Research 
Corp., Standard Brands, Ine., Standard Oil Co. of California 
Standard Oil Development Co., The Texas Co 

Since the conferences have now been provided a perma- 
nent home, a Policy Committee has been set up so that the 
whole project may be guided with the maximum wisdom. 

The committee expressed considerable dissatisfaction 
of one custom in use, i. e., in having the order of the appli 
cations determine the order of selection. To distribute 
the attendance among a wider number of institutions and 
bring about a more just representation, it was voted that 

those interested in attending one or more of the con- 
ferences be instructed to send their request for attendance 
to the director on or before March 10.* Each applicant must 
state the institution with which he is connected and the 
type of work in which he is most interested. ... 

All requests for attendance or any additional informa- 
tion should be addressed on or before March 10* to the 
director of the conferences, Dr. Neil E. Gordon, Central Col 
lege, Fayette, Mo. 


*Reason for not printing this announcement earlier is that it 
was not received by Instruments until March 2. We knew about 
the conference but not about the March 10 “‘dead-line.”’ We hope it 
will not be too late for you! 


















ALIN 
Another DuMont 
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Giant-Screen 


CATHODE-RAY 
OSCILLOGRAPH 





% Designed particularly for lecture-room 
and demonstration purposes, this new 
DuMont Type 233 Cathode-Ray Oscillo- 
graph provides huge oscillograms on its 
20-inch high-intensity screen. Also in- 
valuable for critical laboratory investi- 


Lions 


These features warrant your attention 
Accelerating potential of 6000 volts; 
deflection amplifier response flat to less 
than 1 c.p.s., and only 30% down at 
0 c.p.s.; phase inverters and push-pull 
amplifiers provide symmetric deflection 
with single ended input; d.c. positioning 
voltages insure instantaneous image lo 
cation; Z-axis amplifier, enabling accu- 
rate determination of time intervals dur 
ing sweep of trace, essentially uniform 
in response from 10 to 750,000 c.p.s. 


Sturdy metai cabinet. Rubber-tired lock- 
ing casters. Gray wrinkle finish. 60 
h. x 28” w. x 36” d. 325 Ibs. 60-cycle 
115 v. 450 watts. 


* Write for Literature . 
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ALLEN B. DU MONT 
LABORATORIES, Inc. 


Passaic * New Jersey 
Cable Address: Wespexlin, New York 





THE MONTH S NEW 
INSTRUMENTS 


In this department we strive to report each month ALL the new devices fc 
measurement, inspection, testing, metering and automatic control. 

When writing to manufacturers directly, please mention this department a 
your source of information. Or write to Information Section, Instruments Pub 
lishing Company. 











Analytical Weights point if the gage is carelessly loaded. Th 


particular gage is also equipped with 


\ new line of precision analytical weights sliding indicator and pantograph unit, whi 
esignated by the trade name ‘“Permas” contacts the fuse hole or tracer cavity an 

machined from an allov. containing inspects its concentricity with the outsid 
ipprox. 20% chromium and 26% _ nickel diameter (See small sketch). A greater or 


lesser number of diameters, and larger , 
smaller sized shells and projectiles can bs 
checked on other gages of this series, 
Federal Products Corp., 1144 Eddy St 
Providence, R. I. 


Mercury Plunger Relay 


H-B Silent Mercury Plunger Relay” ha 
been completely redesigned and improve 
with three important gains: (1) Metal cay 
ind support frame that held mercury tub: 
were eliminated, thereb 
releasing strategic metal 
for the war. (2) Mercury 
tube was made secure by 


£ 


i single metal band whic! 
gives twice the stability 
of previous design. (3) 
\rea for terminal fasten 
ing and connecting wa 
tripled, thereby eliminat 
ing danger of tube break 
age ind simplifying in 
stallation. Relay has bee! 
tested to 10 million opera 





This alloy is extremely hard, corrosion 
resistant, non-magnetic ind requires no 
lacquer to protect its mirror-like finish 
These weights are ivailable to meet Na 
tional Bureau of Standards specifications 





for Class S, Class S2, and Class S Certified : . 
; ’ aie tions without a failure 
weights Fishe Scientific Co., 711 Forbes . 
has only one moving part 
St.. ittsburgh, Pa 


is available for either ax 
vr d.c. Rated at 30 amperes, 110 volts, 1 
hp. Listed under Reexamination Service of 
Underwriters’ Laboratories, Inc.—H-B Elec 


Shell Concentricity Gages tric Co., 2530 N. Broad St., Philadelphia, Pa 
Announcement Is n le of i series rf 
multiple-dial-indicator type gage for checl , 
kg Concentricity of projectile diameters Remote Valve Control Unit 
ills ny ize or type Illustrated ji 


New unit for manual control of remote 
ilves, dampers and other pneumatically 
yperated equipment, harmonizes in appear- 
ince with rectangular case for maker's r¢ 
cording and con 
trolling instru- 
ments (see IJn- 
struments, Dec 
1941, page 343) 
When Unit is 
flush - mounted 
its front surface 
is 7/16” from in 
strument panel 
surface and, as 
its setting knob 
and pressure in 





dicator are re- 
cessed, there are 
no protruding 
parts to suffer 
accidental 
bumps. Specifi- 
cally designed 


‘Model 205 B-84" for 75-mm. M-72 semi 
irmor-plercing shot. The projectile is lo- 
ited in the vee block on the body diam- 
ter, with which other diameters must be 

centric Points at which the projectile 








ontacts the vee block are faced with tungs 5 for dead-end 
ten carbide to prevent wear. Projectiles up service, Remote Valve Control Unit will de- 
to approx 14 lbs. (the weight of 75-mm pendably hold reduced pressures to values 
shells) can be rotated manually with com- within narrow limits. Although most com- 
parative east Each dial indicator is monly used as its name _ suggests, it is 
equipped with a pantograph spring unit equally useful in other applications, such as 
Which protects the indicator from abuse, setting of control points of distant instru 
ind at the same time contributes to. the ments, or adjustment of positioning or pres 
reccuracy and furnishes an adjustment for sure-producing pistons, located in inacces 
ontact with the shell. Each pantograph sible points. It is practical for operation 
unit equipped with an adjustable guard ver distances up to 1000 feet.—The Foa 
Which prevents dan e to the pantograph boro Company, Foxboro, Mass 























Mass Spectrometer for 


Gas Analysis 


industrial research, refineries, and 
ical plants, new mass spectrometer is 
tially a high-vacuum tube containing 
trodes, filament, slit system, and an 


— = — 





ectron collector. The gas or vapor to be 
tudied is subjected to bombardment by a 
rrowly defined beam of electrons of the 
rder of 10-6 amperes. Gas pressure in 
mization chamber where bombardment 
ikes place is about 10-4 mm. of mercury 
lower. Ions thus formed are accelerated 
hrough two narrow parallel slits in two 
irallel plates at a potential difference of 
109 to 1000 volts. Ions emerge from second 
lit as a narrowly defined beam of nearly 
ymogenous energy. This beam is then de- 
flected by a uniform magnetic field designed 
) sort the ions according to their mass-to- 
irge ratio. Thus the spectrometer gives 
lirectly information about the relative 
ibundance of different kinds of molecular 
nn fragments formed when molecules of a 
particular kind are struck by electrons of 
known energy. For quantitative indication 
of the gas to be measured, the ions strike a 
etal cup connected to ground through a 
high resistance. The voltage developed 
icross this resistor is fed to the grid of an 
electrometer tube. This amplifies the current 
so it can be read with a sensitive galvano- 
neter. In its pilot form the spectrometer 
is already been used successfully in study- 
ng patterns of organic molecules and in de- 
rmining the purity of gas samples. Sen- 
sitivity in the case of air is one part in 
100,000. Separation of mass 108 from mass 
109 has been made. Panels are hinged for 
iccessibility to all parts. Only outside con- 
nections required are 110 volts a-c. and 
water connections for cooling the pumps. 
Westinghouse Electric & Mfa. Co., East 
Pittsburgh, Pa. 


American-made Lens Tissues 


Superior to the Japanese types hereto- 
fore generally used, Ross Optical Lens Tis- 
les are said to represent a contribution to 
iboratory technique for keeping lenses, 
ptical instruments, polished glass, metal 
ind plastic surfaces perfectly clean. Unlike 
Japanese lens tissues, Ross Optical Lens 
Tissues are specially processed, non-linting, 
on-abrasive, of high tensile strength and 
highly absorbent of oil and moisture. It is 
iid that they will not disintegrate or crum- 
ble under the severest manipulation. Smooth 
irface of paper tends to repel gritty dust 
irticles and prohibits them from becoming 
bedded. Lens makers such as Bausch & 
mb and others have tested and approved 
is new type of lens tissue. Tissues are 
icked in pliofilm pouches that keep the 
ssues dustproof and waterproof at all 
es. Two sizes: “Standard” contains 100 
eets 3% « 5”: “Economy” size contains 
) sheets 44” 5”.—The Emil Greine) 
161 Sixth Ave., Neu York City. 










JAGABI 
fibrcirtact 
LABORATORY RHEOSTATS 











JAMES G. BIDDLE PHILADELPHIA 





cam y 


for precise manual control 
of electric current 


The name “Jagabi” stands for some 30 years of ex- 
perience in design, construction and use of wire- 
wound tubular rheostats, manually operated. “Lubri- 


tact”* is our latest improvement—a lubricated slid- 
ing contact, giving smooth adjustment and long life. 


Four sizes—76 different ratings and a variety of 
special types. Reasonably prompt delivery—depend- 
ing on priority rating. 


You make no mistake when you specify JAGABI 
“LUBRI-TACT” RHEOSTATS. 


Write for illustrated Bulletin 1705-I 


*Trade Mark Reg. U.S. Pat. Off. 





INSTRUMENTS 
March 1942 Page 
























































Automatic Condensate-purity 
Signalling Controller 
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Aerial Camera Mount 
" IiTOR oT} I I 
) ! t iJ I ner t} 
. f phot " nd reeor 
! ! n both tl ‘ ! cial nd mili 
fie l new Model MA-1 
‘ NI nt t i { I iutomati 
! ntrol, with tl e pri 
I ! (1) belit nation { the 
tir t t} ierial « meran n ( ) 
! te control of the camera 
f I part of tl i r reconnoiter 
t raft ni ¢(3) Inereasing the rvecuracy 
erial irveying, Newly-perfected mount 
llow f the placement of an aerial cam 
" ! part of the airplane inaccessible 
t n operator, Beings utomatic, mount pre 
hile 1 rrenatet rCCUrACY in verial phe 
t han W li be t ca if imil 
! t wel taken through manual effort 
Ca ! n now t t as navigator. Thi 
t nm tal i burden from tl hould 
t pilot wi j nabled t neentrat 
ni fivir Automatic levelli l i ! 
plished b meal f phot ll whicl 
} 1 ir } oe that ild th 
‘ ff level 1 re tl n 1 quart 
1 I t x1 ul { t 
j hat ixi it ediatel brit th 
back t tr le l I timer for 
nt lin the nter il betw nm eX} ure 
I nt I part : ‘ ount 
thus eliminatir the nece it r more thar 
ne wire running between the ntrol bow 
1 th ! int prope 


This Bulletin is intended to explain, 
to all users of temperature measuring 
and control instruments, how the Na- 
tional Defense Program affects these 
instruments, their purchase, use, main- 
tenance, and the replacements neces- 
sary. 

The information given points out the 
present scarcity of various materials 
and lists other materials which can be 
used as substitutes. The properties of 
the original materials and the substi- 
tute materials are compared. 
Recommendations are also given on 
maintaining present equipment so that 
it will operate with maximum efficiency 
and give uninterrupted service. 

This information is given in accord- 
ance with our policy of exerting every 
effort necessary to further the intelli- 
gent application and use of tempera- 
ture instruments in the interests of our 
nation's defense. 

This New Defense Bulletin is important 
to you. Write for your FREE copy Today. 


Wheeles Insthuments Co. 


833 HARRISON STREET + + + CHICAGO, ILLINOIS 
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Test Temperatures 


With Confidence 


@ THE choice of leading flight test engineers, 
Model 70-PO potentiometer-pyrometer likewise 
pleases research experts, production and main- 
tenance men. They say it’s a ‘‘natural’’: Ther- 
mocouple lead resistances may vary. Ambient 
temperature may rise or fall beyond standard cell 
limitations. There's built-in ruggedness against 

















Model 70-P0 


vibration. Temperatures are read directly, and 
CONFIDENTLY, as fast as couples detect 
change No standard cell; and little or no 
balancing operation. For your temperatures of 

200 to 3000°F. send for Bulletin 540-70-PO, 
today 

Also, try J-B-T for pyrometers, resistance 
thermometers, and accessories, mentioning your 
application 


J-B-T INSTRUMENTS, INC. 


441-P CHAPEL ST NEW HAVEN, CONN., U.S.A. 





Split-core Current 
Transformer 


New Annis Split-core Current Transfor 
er, for quickly testing power circuits, ob\ 

te need of opening the circuit in questior 
whether it is carrying load or not. To talk 


tL reading, connect instrument to transforn 


er’s secondary terminals and close its sepa 
rable core round cable or bus. Accuracy 
of new transformers is said to be practi 
illy independent of tightness of closins 
magnetic core By reason of right-angl 
interleaved core construction (shown in il 
lustration) the separable core may be left 
open as much as 4” from “closed” positior 
without ippreciably iffecting instrument 
readings. This feature permits measuring 
both watt and ampere loads at sufficiently 
high accuracy for all general testing. New 
transformers also operate instruments draw 
ing heavy volt-ampere loads such as record 
ing ammeters and wattmeters, When trans 
former is closed over a conductor as illus- 


trated, there is a choice of three primary 
current ranges 150-300-600 amps, second 
wy current being 5 amps. If conducto 


passes through the opening twice, full-scale 
primary current ranges” are 775-150-300 
imps. If three times, primary current will 
be 50-100-150 amps. All three methods of 
connecting the transformer are equally ac 
curate. Transformers are compensated for 
i. 10-va. instrument burden, an average for 
recording instruments. Due to inherent ratio 
stability, other instrument burdens may be 
used with a slight reduction in accuracy. 
Other primary current ranges (up to 1000 
amps), instrument burden compensation, as 
well as the furnishing of ratio and phase 
angle curves are available on special order 
For maximum accuracy, however, trans- 
formers should be ordered, compe nsated for 
their proper instrument burden, Windings 
ire tested at 2500 volts to ground for one 
minute. Transformers may be used on cit 
cuits of any voltage provided conductor is 
properly insulated before placing transform 
er in position. Opening through transformer 
cas® is 1%.” 81%”. Engraved terminal 
boards of black Bakelite with brass second 
ary terminals. Hinged magnetic yoke fur 
nished with lock pin, allowing transforme! 
to be sealed “closed” during test. Trans 
former weighs 12 lIbs., is easily carried b) 
strap leather handle. Protective case of alu 
minum, finished with black wrinkle enamel 
Delivery schedule averages two weeks; 01 
lers should carry priority ratings.—R. B 
innis Co.. 1101 N Delaware St., India 


apous, Ind 
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Portable ‘‘Colorimeter 
w “Lumetron Model 400 Photoelectric 
meter” is said to be characterized by N the victory March of U. S. industry there is 
edness, simplicity of operation and low 


It is built into a wooden housing with ho place for equipment that bogs down. So 







that always-appreciated ability of Askania Con 





trol to keep right on going without adjustment 
and tinkering looms bigger than ever today. 
This characteristic is INHERENT. The ex 

clusive Askania Jet Pipe Principle not only 







means greater accuracy and sensitivity of 






control; it also means greater simplicity 






that is carried out in precision-built units 






which are giving an almost incredibly 







trouble-free control of pressure, flow, 





proportioning, and combustion in every 


| branch of industry. 


ASKANIA REGULATOR CO. 
1605 South Michigan Ave. 
Chicago, IIl. 









ver and carrying strap, so as to be used 
the laboratory as well as in the plant. 

It works from any a-c. or d-c. 110-volt out- 
Always ready for immediate readings, 

is designed to meet the requirements of 
practical colorimetry. It is said to offer all 
the advantages of the photoelectric instru- 
ent over the visual comparison instrument 
Photovolt Corp., 95 Madison Ave., New 





Shell Diameter Gages 


Announcement is made of a_ series of 
iultiple-dial-indicator type gages for check- 
ing several diameters independently of one 
nother on one” projectile. Illustrated is 


IKV IVT 


a ac UE We) Gl oleommed. iley \clo 
MUTOMATIC CONTROL 





Model 236 B-95" for checking four diam- 
ters on the 75-mm. M72 semi-armor-piere- 
ng shot. Its effect is “the same as if fow 
yperators checked these four diameters with 
four individual single-purpose gages.’ Each 
ndicator with its opposite anvil is a sepa- 
ite and integral unit, which adjusts itself 
ndependently of any other indicator. In- 
licators do not contact the shell directly 
ut through pantograph spring units which 
protect the indicators and make adjust- 
ents easier. Each pantograph unit is 
uipped with an adjustable guard which 
revents damage to the pantograph point 
the gage is carelessly loaded. The pro- 
ctile is located in the vee block. Points at 
Vhich the projectile contacts the vee block 
faced with tungsten carbide to prevent 

ir, Shells and projectiles up to approx. 
lbs. (the weight of 75-mm. shells) can 
rotated manually with comparative ease. 

1 view shows the independent mounting CoO NTI N ENTAL ELECTRI ts Co 
each indicator unit: only one unit is ° 


wn in this view. — Federal Products GENEVA, ILLINOIS 


1144 Eddy St.. Providence, R | 








TRU-VAC 
VACUUM GAUGES 


(PIRANI TYPE) 


Shown at left is meter box of our 
model No. 6 gauge. 


: This gauge successfully used by 
many of America’s foremost manufacturers. 





Send for circular on our new low priced D.C. operated gauge. 






















INSTRI 
March 1942 


M | 











Page ¢ 

















Ind 


ustrial Gas Analyzer 


Ir t Ga Analyzer 1 mod 
rnized Orsat for determination of CO 
) r ! light ympact leal 
nd « to operate, Glass stopcocks 
nifold well as leaky metal 

been eliminated Apparatus 

t la ibsorbing pipettes, 

which has two parts, the glass bulb 

vith opper turnings to provide sur- 
igent and a hard rubber 

reserve ibsorbing solu- 

burette ire American made and 





librated for industrial control laboratories. 
Shock-proof” crystal-clear molded plastic 
water jacket almost entirely removes risk 


f breakage Leak-proof closed system is 
based upon new Burrell Ball Valve which 
makes a positive rubber-to-glass seal. Op- 
eration is simple turning of the knob 
ipplies pressure to a rubber sleeve in which 
i. glass ball is pocketed, opening a channel 
for the gases to pass through. When the 
pressure is removed a_ positive gas-tight 
seal is immediately formed Analyzer is 
eraduated to 21% in 1/5%, is available 
witl or without metal carrying case. 


Burvell Technical Supply Co., 1942 Fifth 
a Pittsburah Pa 


Elapsed Time Meter 


New total hour meter is designed to check 
production and machine tool life in indus- 
trial plants where time studies are made 
Embodying a _ six-digit cyclometer register 
(instead of usual five-digit) meter consists 
ssentially of a synchronous driving motor, 
1 gear train and six numbered wheels 
Housing is standard 3%” instrument case 
The motor operates at 600 rpm on a 115- 
volt, 60-eyele circuit. Synchronous operation 
is not affected by voltage variations from 
75% to 125% of rated value Life-time 
bearing lubrication is provided by oil stor- 
ige reservoir. Gears are precision, machine 
cut and gold-plated to resist corrosion. To 
operate, the motor is connected in parallel 
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Philadelphia 
Merc-to-Merc 
Thermo - Regulators 

Feature 


Mercury to Mercury 

Contacts : Increased 

Contact Capacity : 

Sensitivity within 
0.1 F. Exceptionally Long 
Life and Stability : No 
Arcing : No Oxidation : 
Temperature Lag Re- 
duced : Temperature 
Ranges adjustable to 
700°F. 





Philadelphia Merc-to-Merc 
Temperature Controls and 
Mercury Plunger Relays 


The Philadelphia Thermometer Co. 
915 Filbert Street “i Philadelphia 
WRITE FOR CATALOGUE 

No. | 


Oldest Thermometer Manufacturer 
in Philadelphia 




















PHOTOCELLS 


(Barrier-Layer Type) 


of highest sensitivity 
Great variety of sizes and 
shapes. 
Unmounted or mounted in 
various styles of casings. 
Full cooperation regarding 


application and circuits. 


Write for literature 


PHOTOVOLT CORP. 


95 Madison Ave. New York City 


Colorimeters Electronic Timers 
Reflectometers Photometers 
Fluorescence Meters 








with the apparatus of which total hours 
operation are to be measured. Motor circ) 
are closed when the machine operates, ca 
ing the synchronous motor to run contir 


ously. Resetting to zero or any value 
accomplished by removing the case and d 
engaging the number wheel shaft. i 


wheels can then be set to any desir 
reading. Westinghouse Elec. Mfo. ¢ 
East Pittsburgh, Pa. 


Photoelectric Blackout 
Illumination Switch 


New “Photoswitch Blackout Switch’’ 
said to present the most economical, reli 
able, and foolproof method for permittir 
illuminated billboards, store window di 
plays, and other time-switch-controlled 
lumination to remain in operation in di 
tricts where blackout regulations are 
effect. It is located on the billboard or 
the store window which is to be operate 
and is aligned with the nearest street lam 
When this centrally controlled street lam; 
is turned out, the switch responds and turr 
off the illumination which it is controllins 
It has been formally approved by the black 
out committees of large cities, and adopted 
by outdoor advertising concerns. It oper 
ates from a supply of 115 volts A.C., ar 
controls in its output 20 amperes at 11 
volts. This will not be affected by momer 
tary flickering of the street lamp, and ji 
independent of ambient light conditior 
Other types are available for d.c. operatior 

Photoswitch Inc., 21 Chestnut St., Can 
bridge, Mass. 


Pitch Diameter Gage 
New “Model 45 B-80" incorporates tl 
three-point method of pitch diameter in 
spection. Results obtained are equal to thos 
obtained by the 3-wire method of measuring 
used in checking the accuracy of threaded 
plug gages and other precision § screw 
threads. One reason is that the two lowe: 
ball locating points are free to adjust then 
selves laterally, independently of any varia 
tion in lead; and that the distance betweer 
these two points can be adjusted for differ 
ent thread sizes, Lower unit is adjustable t 





take various thread diameters; upper se! 
sitive contact point, as well as lower loca 
ing points, are all spring mounted and a 
free from friction. Inspection within 0.000 
is quite possible. There are no sliding 
rotating points to cause error. Backstop 
idjustable three ways: vertically, lateral 
ind angularly. It is possible to set it acct 
rately back of the work and also so as t 
illow for heads, shoulders or other obstruc 
tions Federal Products Corp., 1144 Edt 
St.. Providence, R. I. 

















Wide-range Bridge 
bining in one instrument the fea- 
of both the Wheatstone and the Kel- 
‘ridge, new “No. 638-1 Kelvin-Wheat- 
Bridge” has an effective range from 
1 ohm to 11,000,000 ohms. By using a 

of current of considerable capacity 

as a single cell of a storage bat- 





= 
mus MALLERORS 





rv), resistances as low as 0.00001 ohm 
iv be detected and measured, Rheostat 
m consists of four decades, variable in 
i-ohm increments. Ratio arm has two sets 
multipliers. The set designated ““W” is 

r use in Wheatstone Bridge measuring; 
other set (“K’’) is for using Kelvin 
Bridge method. Built-in galvanometer has 
deflection of 1 mm/microampere. A more 
ensitive external galvanometer may be 
ed.—Shalleross Mfg. Co., Collingdale, Pa. 





Insulation Test Set 
Especially designed for testing insulation 
Diesel-electric locomotives and other rail- 
vad electric equipment, new portable insu- 

ition test set is available in % and 2-kva 
itings; includes as a unit a high voltage 
ransformer, a means of regulating the test 
iitage, and the necessary overload and 
vercurrent devices for complete protection. 
For operation on 120-volt single-phase 60- 





cycle supply, the ™% kva set is rated at 0 
to 1500 volts or 0 to 3000 volts full capac- 
ity at 1500 volts maximum when operated 
in parallel and 3000 volts when used in 
series. It provides adequate testing facilities 
‘or Diesel-electric locomotives up to 600 hp. 
The 2-kva set has ratings at 0 to 3000 or 
to 6000 volts and is recommended for 
testing heavier locomotives. High-voltage 
sting transformers for both sets are air- 
led. Secondary windings are designed 
for series or parallel to make available two 
ltage ratings. Voltage supply is received 
t the set through a breaker with thermal 
verload element for protecting the set from 
xcessive overload. An instantaneous trip 
er-current relay is also provided to re- 
ve test voltage in case of test piece fail- 
Test voltage is regulated by a control 
nob operating a variable voltage trans- 
rmer to give smooth potential rise. A 
sh button control station in the handle of 
test lead facilitates rapid production 
ting. Detachable composition castors are 
vided if desired.—Westinghouse Elec. 4 
Co., East Pittsburgh, Pa. 








Left: 
Portable Recorder 
6 inch Chart 
24 hour Clock 


Right: 
Dial Thermometer 


In 31/4, 4, 4/2, 5 and 
6 inch Dial Sizes 





Catalog 115 
Type 103 
Bronze Case, 
Glass Front, 
Industrial 





for Catalog 300 DR 








RECORDING THERMOMETERS i] 
Furnished with 6”, 10” or 12” Charts 

| 

For information on i, 

Dial and Recording Thermometers, send / 


For others, send for Catalog No. 




























Catalog 115 


Laboratory 
Thermometers 
and 
Hydrometers 
, 4 
# . 
im 
‘ . 
a a 





15. 





Weksler Thermometer Corporation 
52-56 WEST HOUSTON STREET, NEW YORK, N. Y. 
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“Quicker than a Short Circuit” 
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Littelfuse Locked Cap Assem 
bly (U. S. Pat. No. 1922642) 
Positively locks cap to tube 
Hermetically seals filament 
Protects fuse, and prevents 
loss of cap with markings 


FOR UTMOST PROTECTION—MONEY-SAVING ECONOMY 


Cap Assembly only one of several 
LITTELFUSE FACTORS — not “equiva- amp. up. 
lents.” Littelfuse construction means All types 


INSTRUMENT FUSES for meters 1/200 
Hi-volt ranges, 1/16 amp. up 
Littelfuse for aircraft, radio, 


added mechanical strength—added resist- auto, etc., and mountings. Send for com- 


ance to fatigue—added vibration life. plete catalog. 


iL LFUSE INC. 





4759 RAVENSWOOD AVE. 
CHICAGO, ILL. 


INSTRUMENTS 
March 1942 Pag 





























































Vacuum- 


tube Voltmeter 


Nev M 1 400A Vacuum-tube 

t that 1 surements up 
now imple s mea 

t ilti-range instru 
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" 1 wi t Yi 
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I npedan 
fect beir ! isured 
t dat instru 
x nt b ist Ww 
1 et t re mini 
\I j es f 1e! rang 
t M Nit t range 
wit ill nsitivitte 
It t It Voltag scal 
nd ibel le based on 61 
hu nd 1 milliwatt is provided. Reading 
! ndent of line ltage and tube har 
terist Instrument is said to be excel- 
f ll typ rf f. work, particularly 
tl pl nt time f rrier cur- 
t | nik ‘ television 
‘ ne nt th broadcast 
Whil pri I boratory instru 
I t 1 id to b simple in 
! will time in 
testir \ ble for deliver 
Ww " t ir la le Hewlett 
> 1 ¢ 181 Page M Poad. Palo Al 
Insulation Tub ng for 
Low Temperatures 
\ transparent tubing, knowr i 
I nsflex wit! excellent resistance t 
tlemne wi to 50°C ha been de 
| pe lly fe iircraft flving at hig! 
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I t ! l i pplicat 
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AMTHOR Dead Weight 
Pressure Gauge TESTER 


Type 452 3 





Modern design and construction puts 
this rugged precision instrument in 
i rade ibove the ordinary dead- 


Made in eight ranges, to 3000 Ibs 


We guarantee 1/10 of 1 percent ac- 
curacy In each range 

The Type 452 is designed for sim- 
plicity and compactness. It incorpo- 
rates the newest refinements and 
improvements Adapters and tools 
ire supplied, as well as either car- 
rying case or protecting cover. 


Immediate and intelligent at- 
tention will be given to your 
inquiries on all industrial 
spec d measurement proble nus. 
D op us a line today. 


Amthor Testing Instrument Co., Inc. 
49a Van Sinderen Ave. Brooklyn, N. Y. 














HARDNESS 
TESTING... 


done WITH NO MENTAL 
HAZARDS. The SCLERO- 
SCOPE has done it for the 
past 35 years. 


& In general use for 

* } specification pur- 
poses. Simple, 
sturdy. Compara- 
tively inexpensive. 


Illustrated 
bulletins 


f ree. 





The Shore Instrument 
& Mig. Co., Inc. 


9025 Van Wyck Ave., Jamaica, N. Y. 








ric strength (for wall thickness of appr 
0.020”), 850 VPM when dry and 815 VI 
ibsorption, 0.4 

immersion; Wer 


when wet water 
weight ifter 24-hour 
Oil Test (48 hours at 100°C.), not 
tacked ; allowable continuous operating te 
perature, 150°F. (66°C.). Fibron Div., ] 
ington Varnish & Insulator Co., Irvinat 


Fie 2 


Watthour Meter Protecto: 


To reduce lightning damage to watth 
meters and appliances connected to 120/2 
volt exposed secondary circuits, new met 
protector, “Type AO,” is a two-pole poro 
block lightning 
rester with a 17 
volt line-to-grour 
rating and a 24 
volt line-to-line 1 
ing. Gap brea 
down on 60 cy 
circuits is 800 ve 
r.ms., and ga 
breakdown on it 
pulse is 2000 volt 
crest. Discharge 
pacity is 19,90 
lightning surge ar 
peres. Protector el 
ments consist of 
1” diam. poro 
block with a ser 
gap of flat ele 


trodes, separated b 





a mica spacel I 
held in firm = cor 
tact by a spring plate. The two single ar 
rester elements are mounted in a _ housir 
of Prestite, a new high-grade porcelain ir 
pervious to moisture, Mounting plate is tl 


common connection for the two poles and 


when installed, is grounded. Porcelain and 


coverplate mount with two screws in an 
standard condulet. Assembly is then co 
ered with a gasket-sealed cover for out 
door service and a non-gasket cover for ir 
The condulet is located abov 
or below meter, and each pole of tl 
irrester is connected to the “hot’’ wire 
The common connection point, the mountir 
plate, of the protector is grounded to tl 
neutral of the circuit. This method of cor 
nection causes the lightning surges to d 
charge to the ground neutral wire ar 
ivoids damaging the current and potent 


door service. 


« 


coils Westinghouse Elec. & Mfa. Co., Eas 


Pittsburgh, Pa. 


Constant-temperature Oven 


New “Isotemp” Oven embodies structur 
features, insulation and heating advantage 
which provide uniform temperature throug] 
out heating chamber. Temperature uniforn 





a y 


ERS 


ity of 1°¢ throughout the oven, and 

maximum variation of temperature 
0.5°C. in a 48-hour test, are claime 

The oven is 18%” wide, 21%” high a! 

17” deep; it has a range of 75° to 200 
nd is available for 110 volt or 220 


ilternating current only.—Fisher Scient 


Co., 711 Forbes St., Pittsburgh, Pa. 




















“Start-Stop” Relay 


mote-controlled starting and stop- 
radio transmitters and receivers, 
pumps, etc., 1 new “start-stop 

known as “Type 19,” operates and 
ses over two wires, with a common 

Typical operation is by means of a 
way key, which is thrown into one 
tion to operate contacts on relay, and 
other position to release 


wn into the 





mtacts. Relay opens its operating cir- 
immediately upon operation; thus, op 
ting current is consumed for only about 
econd. The release circuit is similarly 
With its low operating 
wer requirement, Type 19 relay combines 
operation, it is said. 


ened upon release 


eptionally 
que electro-mechanical locking arrange- 


positive 


nt used is said to be proof against false 
tion or release even under extremely 
ere conditions of shock. Operation is un- 
cted by any normal temperature changes 
boratory tests indicate dependable opera- 
ver the range of temperatures from 
to BSC? (a2? to 131°F.). Depend- 
control operation is further assured b 
iding twin contacts of precious metal 
ill contact springs. Relay can be sup- 
maximum of 18 springs for 
futomatic Electric Co., 
Chicago, Ill 


d with a 
ntrol purposes, 
W. Van Buren St., 


Automatic-focus Lens 


\lthough the living eye, with its elastic 
I 1utomatically focuses objects at vary- 
ng distances, optical engineers had doubted 
ingenious proposals 
photo- 


wticability of many 
iccomplish this purpose in a 
iphie lens. Now, however, a four-element 
ition picture lens is announced by B&L in 
vhich one double-concave element is elec- 
mically oscillated on its axis by means 
special cell mounting developed by P 
tanley Smith, a New York radio engineet 
New lens is confined to a distance of 0.3 
in its axis movement but the oscilla- 

ns are at the rate of 23,200 times pe 
inute, thus continuously altering the fo- 
so that all objects are uniformly in 
gister from four feet to infinity. Although 
objects are slightly softer in focus than 
th lenses of a fixed focal length, many 
ttographers regard this as an improve- 
nt. Smith, following the work of Dr. Lud- 
Dieterich, an <Austrian-born engineer 

) patented a mechanical method for vi- 
iting a lens element, designed an elec- 
nic method of purpose 
| has successfully 
1 motion-picture camera which it is be- 
ved will offer greater flexibility in motion- 
ture photography and direction. At pres- 
ictors must work within a chalk line 
essitated by focal 
ting must be rearranged for each new 


achieving this 
incorporated the lens 


range of camera 
is, cameras reset, and distances taped. 
new Electroplane Camera, with a lens 
ch keeps all moving objects in perpetual 
holds the solution to 
f the chief limitations in motion-pic- 
photography B&L engineers state 
phatically that the new oscillating lens 
not be incorporated in hand cameras 
ausch & Lomb Optical Co., Rocheste 


promise ol { 











BOD 





Precision 
Speed -Reducer 


Motors 
for all kinds of instruments 





Motor driven instruments of all types 
whether used in routine work or for sp 
cial research jobs, all require a drivi 
motor ot the utmost reliabilitv. hes 
struments depend upon the motor t 
\ ide accurate, ce pe nd ible « peratio wit 
out danger of failure. That is wh 
P nany manufacturers have chosen Bodi 
gti seescen Motors to power their instruments 
‘ Bodine precision-built motors are avai 
in more than 3,000 standard specif 
( rola for use in motor-driven machines 1 
«Rigs : struments. A bulletin describing these n 
t will be turnished on request. Bodi 
hig ae Electric Company, 2244 W. Ohio St., Cl 
ge. cago, Ill 





FRACTIONAL 
HORSEPOWER 





CONSTANT VOLTAGE 


is the 


answer to the precision demands of 


SCIENCE and INDUSTRY for DEFENSE 





VY 


Gi 





| 





CTUATING LIWE 
VOLTAGE 


CONSTANT OUTPUT 
VOLTAGE 





Every electrically, operated INSTRUMENT 
emploved in the production of materials of 
war needs CONSTANT VOLTAGI 


tion against line surges and fluctuatir gg voit 


prote 
protes 


age levels ¢ iused by ove rloaded power ines 
Sola CONSTANT VOLTAGI TRANS 
FORMERS will deliver a perfectly stabilized 
output voltage, even though line voltages 
vary as much as 30°. No moving parts. I) 

stantaneous in iction. Self protectil 


overload or short circuit 


Ish for Bulletin GCV-74 


SOLA ELECTRIC COMPANY 


longliedl, TRANSFORMERS 


2525 CLYBOURN AVE., CHICAGO, ILL. 











































Photoelectric Scanner 


New inne nsist f a light source 
two phototubs ir ‘ ingle compact 
ing read for tt hment to any ensi 
photoelectric implifyin ten It is 


for us wherevel 


eting urface 
le distant 
init. In oper 
light fron 


netal hou 


double con 
lens in len 
l B, then 
aperture fF 





concentrated 
pot J trike 
H-H bein 








ind is re 
ind DP in 
it lependir ol liffuse reflectivity of 
nned material \ registration marth 
| per or thie leflection rf 
A 
BR 
Wyn . 
se? % 
dD, D, 
é 
H H 
! ! I will « i change it 
lumination reaching phototube Dy and 
wi * response to this change is tran 
tted through co-axial cable to remote 
plifler makin possible the control of 
electrical device Thus, new Scan 
bvinte need for eparate phototube 
hit ! i bli It iI i 
, ( , ure 1 1 11 : 
! \ ! , 214") allow 
intir in restricted space Len vste 
quire ! idjustment Unit i ufficiently 
exible to operate in conjunction with any 
lard ensiti um plifier ilthough ar 
mplifier specifiCally designed for thi ery 
( rinke Model 66S") i ivailabl 


Wall Thickness Gage for 
Demolition Bombs 


New Model K P-96" i i portable thick 
j for checking wall thickness of 
olition bomb Roller bearing lower an 


ind roller bearin pre ure unit on 
, 

wi facilitate handling; f Lae Uy 
roller unit ha ifficient tension to hold 
wer roll u | firmly in contact with the 
ick infra of the bomb Indicator cor 
point Cmadk of tungsten carbide) 1 

ed by pre ing plunger in front of fore 

t na riy Interchat bl t l 1 
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DIRECT READING 
U-TYPE MANOMETER! 


No adding liquid 
levels, mo errors, 
no guesswork with 
direct-reading Tri- 
mount U-Type 
Manometers. End- 
less steel scale 
slides! Set zero at 
level in lowest 
leg, take reading 
at level in other 
leg! Accurate, 
foolproof, fast! 

15” to 36” open 
type; 15” to 100’ 
enclosed 


Write Today 
for 

New Catalog! 

Trimount 


Instrument Co. 


408 S. Plymouth St. 
Chicago 


[ 2 SIMPLE STEPS 
"€ ya 

(2) 

READ 

HERE 





{ 






TRIMOUNT MANOMETERS 





requirements 
001" (indicator Model DS8IS, F.J.) : 


100; range, 1” 











REMINGTON ARMS CO. 


CHRONOSCOPE 





Accurate Within 1°. 
Between 
1 & 200 Milliseconds 


Inquiries Invited 


Dynamometers, wattmeters, milliam- 
meters and voltmeters. Also ultra- 
sensitive meters both for A.C. & 
D.C., fluxmeters, electrostatic volt- 
meters from full scale 120 volts to 
over 20,000 volts, thermocouples, 
earth current meters, cable testers, 
etc. 


Special Apparatus Built to Order 


RAWSON ELECTRICAL 
INSTRUMENT COMPANY 


{10 Potter St. Cambridge, Mass. 


Branch: 15 East 26th St., New York City 


Representative: E. N. Webber 
4358 W. Roosevelt Rd., Chicago, Il. 


damped by 
ends of cylinders 
ment with 


Weight of instrument with case top 
without mounting converter, or batte! 











ng lower section, guides the shell uy 


locating stop. Made in any size to 
Specifications 





indicator has double 
tell tale hand; depth of throat, 3: 


other lengths and sizes can be furnished 
Federal Products Corp., 1144 Eddy 
Providence, R. 1 


Aircraft Accelerometer 


Specifically designed to eliminate 


rccceleration the effects 


record of 


higher frequency vibrations of airplane 
test, new R-S Low Frequency Recor 











st eeeeee eee 
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Accelerometer has a frequency 
second (420 per minute). Its range 


tends to plus 12G and to minus 5G. 
record: 0,2” 1G. Speed of wax-coat 
paper chart is normally 6” per minute 


second). Chart is driven by a synch 


ous motor operated by a battery throu 
converter (or inverter), This drive 
operate under the maximum loads specifle 
Movement of weight is effectively 
pistons, and amount of damp 
is adjustable by interchangeable orifices 
Instrument is equip} 
with electromagnetic marking device 
ated by remote push button. Size of inst 


is top i} N S 


Ib Weight of steel mountings 3 
erter weight: between 8 and 7 1 
he ete Co., Champaion, Ill 





Graduat 
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TO MICROAMPS 


gineers can depend on Luxtron* 
tocells for converting light beams 
direct current. These Photocells 
iesigned and produced to fit your 


icular application. 


Wherever re- 


ed, design and production speci- 


tions 


are employed 


ults you want. 


to get the 


Today you can have a better pho- 
ell made to fit your job. Specify 


mechanical 


design and photo- 


ectrical characteristics you need. 


Our experience in design and pro- 


luction is 


used 


repeatedly by a 


growing list of satisfied customers. 


When you 


change 


light 


beams to 


croamperes, let us help you. 












Catalog 


describing 
Photocells. 


your copy today. 





+101 - 1941 


is a technical booklet 


Luxtron 


Write fo 


PHOTO ELECTRIC CELLS 


BRADLEY LABORATORIES, . INC. 
82 MEADOW ST. + NEW HAVEN, CONN. 


Pa 





Mirror Galvanometers 

New “Type L” galvanometers were devel 
oped to make available for use with exter 
nal optical systems galvanometer movements 
with the properties of those employed in 
maker's 
light” galva 
Mov- 


ing system is 


“Spot 
nometers 


supported be- 
tween upper and 
lower gold sus- 
pensions held 
taut by phosphor 
bronze springs 
at each end 
Consequent re 
striction in mo 
mm tion of coil makes 
for stability 
of galvanom 






fn = 


eters under 
= vdverse con 
@ ditions of vi 
bration o1 
- other me 


chanical dis- 
turbance 
Taut- suspen 
sionconstru¢ 





tion obviates necessity of careful levelling 
Zero is adjustable by means of a lever on 


top of walnut case. Moving systems are reg- 


ularly equipped with focusing mirrors for 
use with lamp and scale at 1 meter dis- 
tance. (Plane mirrors optional if specified.) 
Mirrors of other focal lengths can be fur- 
nished. “Type L” galvanometers are nor 


Spotlight” gal- 
requirements of 


mally used in preference to 
when the 
some particular problem necessitate the us 
of external optical require 
n connection with the use 


vanometers only 


systems, Such 


ments may arise 


of photoelectric relays or other similar de 
vices or in connection with work requir 
ing a particularly long scale for galva- 
nometer readings. In reference to use fo1 
large deflection measurements it is to be 


noted that some models are constructed wit! 
highly radial magnetic fields with resultant 
uniformity of sensitivity throughout wide 
ingular displacements. In other models, a 
simpler field structure is employed and the 
resultant variation in sensitivity over wide 
angular displacements may amount to se 
eral per cent Rubicon Co.. Ridae Ave. a 


oth St., Philadelphia, Pa 


ound-stock Gage 


Screw and 


Being offered for free distribution is the 
combination caliper and American National 
Standard screw gage illustrated here ex- 
ictly half size It is for calibrating both 





in sizes from No 
1 to 12 inclusive. It has two sets of gradu- 


wood and machine screws, 


itions: one giving the number or size of 
wood and machine screws; the other giving 
the diameter of round stock from 1/167 t 
4”. While the gage is graduated in six- 
teenths, 1 64 raduation is « ilv esti 
mated, It i free n request i u 
pany’s letterhead. The Da R s 
Ufa. C 8 7 } 1 Sout) } 





METERS and CONTROL 
for Boiler Room 


Boiler Meters ears 


Reduce fuel 
costs, lessen 
maintenance 
and outage, low- 
erstandby costs, 
and add capac- 
ity. They indi- 
cate, record and 
integrate Steam 
Flow from the 
boiler, record 
Air Flow sup- 
plied for com- 
bustion and record Flue Gas Temperature. 





Bailey Boiler Meter 


Mullti-Pointer Gages for indicating 
drafts, pressures, differentials are available 
with any number of pointers from one to 
twelve. They are actuated by sturdy yet 
sensitive diaphragm units. 





Multi-Pointer Gage 


Flow Meters. 


ing and integrating the flow of steam, feed 


For indicating, record- 


water, compressed air and other fluids. 


Granular Material Meters 
For accurately measuring 
the flow of coal or other 
granular materials in 
gravity chutes from over- 
head bunkers. The total 
quantity of granular ma- 
terial is shown on a large 





illuminated counter which 
may be easily read at a 
distance of 50 feet. 


Control Systems 
Make possible the every- 
day operation of equipment for steam 
generation and utilization at test eflicien- 
cies. They are applied to the control of 
combustion, feed water, superheat, de- 
superheat and other factors. 


Coal Meter 


Complete Information on any of the above Bailey 
products will be gladly furnished upon request. 
G-14 


BAILEY METER 


¢e COMPANY - 





1041 Ivanhoe Rd., Cleveland, Ohio 
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elements and beyond in order to ids 
that particular alloy as to its proper 
V uu number. To extend this versatility, 
ac m bd e bd possible, with the use of a jig and tw 
cially constructed attachments, to cor 
Thermocouples [test tive testing on bars, soe 
lets, ingots, etc., in their original sizes \ 
sut the need of cutting away special 
sample Ss. We bane Research { pparatus, 
A COMPLETE LINE Pee “ mao 
Corliss Station, sburah, Pa. 
embodying . ; ; 
pone Giant-screen Oscillograph 
many For lecture-room demonstration and 
. more critical laboratory studies, new “] 
unique 233 oscillograph utilizes maker’s 20’ 
imeter intensifier-ty pe cathode-ray 
features 
* 
® DEPENDABLE STABILITY 
@ MORE EFFICIENT 
® HIGHER OVERLOAD 
a 
@® FASTER RESPONSE . 
@ SMALLER SIZE—!/”x1” a 
® LOWER COST t 
1) « 
These thermocouples will meet the Fo 
most rigid specifications. Prompt de- 1 
livery is assured. Write your require- 
ments to: 
THERMO-ELECTRIC CO. 
67 E. 8th St. New York, N. Y. with medium-persistence green screen. Fir 
iccelerating potential of 6000 volts provid 
1 high-intensity spot of good resol 
power, so that a highly-detailed trace 1 
be observed even in well-illuminated ro So 
th commor ferrous illoyvs have demon- by 1 lara group, Newly-de veloped cire \ 
strated that the Identometer is “unfailingly ire employed in both the X- and } 
msistent in detecting even very small dif- signal amplifiers, providing direct couplir 
ferences between two alloys.” Example: two from input terminals to deflection plat 
samples of seven-element illoy were tested, when such connections are desired, or Tt 
both having been reported by chemical an- more conventional capacitative coupling. I 
ilvsis as having the same composition ex strument is completely self-contained 
ept that in one the copper content was can be operated from a single-phase sou 
0.05% and in the other it was 0.22%. This of 50- to 60-cycle power at 115 volts ra 
iriation was detected immediately Such Power consumption is approx 350 wa 
rvecuracy Is iid to be particularly valuable Cabinet measures approx. 28” wide, 
since pre nt check-analysis practice is to leep and 60” high. Total weight, 325 lb 
heck the quantities of only two or three tllen B. DuMont Labs... Ine., 2 Main | 
ments present in alloys ranging to eight Passaic, N. J. 
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Selection and Installation of Flow Meters* 
By RAYMOND E. SPRENKLE 


Mechanical Engineer, Bailey Meter Co., Cleveland, Ohio 


INTRODUCTION 
SUNDAMENTAL factors enter into the proper selection 
“of flow meters, as is the case in the solution of any 
other engineering problem. These factors are not always 
erstood clearly by engineers who are not entirely familiar 
1 flow metering and it is the purpose, therefore, of this 
cle to point out and discuss briefly some of the most 
ortant considerations entering into a wise choice of me- 
s measuring fluid flow. 

Before we take up these factors it is in order to illustrate 
importance of the subject by seeing how many services 
und a steam generating plant need flow meters. Fig. 1 
ows applications of metering and control equipment in a 
ical power-process steam plant and, while this diagram 
es not apply exactly to any actual plant with which the 
ader may be associated, it 1s hoped that it may be of some 
sistance in pointing out some possible applications which 
might otherwise have escaped the reader’s attention. All the 
M symbols in this diagram represent flow meter applica- 
tions; the P symbols represent pressure; T temperature; 
D draft; L level; S Smoke Recorders; and C Control points. 
For the purpose of this article, however, we shall confine 

yur remarks to flow meter applications. 
important 


In the steam generation cycle, one of the most points 


flow measurement is that of feed water to the boiler, point M11 


sented in this diagram by steam flow to digester, point M5 
the low pressure cooker, point M6. Steam flow to the feed w 
pump, point M7; to the steam accumulator, point MS fr 
extraction point of the mixed pressure turbine the yndet 
flow from the mixed pressure turbine condenser, point M9 
feed water pump output, point M10; and the make-up wat 
point M12, are also application points of mucl lue 


Undoubtedly, in each individual plant layout the reade 
would be able to find other points to which meters should 
be applied in order to know just how efficiently each unit of 
his plant is performing; so that a complete and accurate 
picture of the plant operation as a obtained 
Even in this particular application diagram, it might be 
advisable to measure condensate flow from the low-pressur‘ 
cooker to the deaerator, condensate from the heating system, 
steam flow to and condensate from the feed-water heater, 
condenser cooling water to or from the mixed pressure tut 
bine condenser, and so on. It is up to each plant enginee 
to determine for his individual case where flow meters can 
be advantageously used, and then proceed to select that typ: 
of metering equipment which best suits his individual needs 


whole can be 


In making this selection it is necessary, above all, to choose 
accurate, well-designed, sturdily-built and easily-maintained 
equipment, manufactured by a reputable concern able and 
eager to give competent field service in insuring a completely 
satisfactory installation. A mechanically-operated meter of 












Steam generated oe boiler a equally important metering the inverted mercury- or oil-sealed type is usually the sim 
I an is she d be combine: ‘elative i air flo t oug . 
t and this should be combined relatively with air flow through lest and should be used whenever possible. However, if the 
boiler for practical application as a combustion guide, and as P a s 
factor in automatic combustion control processes, Cl or C3. Then distance between the primary element and the meter itself 
llow in order, the measurement of steam flow to the back pres- exceeds 100 feet, or if the meter must be placed above the 
_ plots ran “ra ste ae station, point M3; to the minimum hydraulic gradient, electrically-operated meters 
ixed pressure turbine, point ] ; to processes whicl re repre- - . . . 
; Be can be used to advantage. Meters having moving parts with 
*From the text of a lecture by Mr. Sprenkle before the American high torque and frictional factors, or of light flimsy con 
Society for Measurement and Control, Pittsburgh, Dec. 15, 1941. struction unable to maintain factory calibration for years 
All illustrations for this article except Fig. 7 have been especially : : ee : : : 
prepared for publication in Instruments without excessive servicing, should be avoided. 
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FIRST STEP—DETERMINE “SIZE,” ETC. 

The specific choice of metering equipment involves the 
proper selection of two parts—the primary element, and the 
meter or recorder itself. These two are so closely interre- 
lated that it is impossible to consider one completely with- 
out the other. Fortunately there is a simple index to use in 
evaluating the functions of each in solving any flow prob- 


em. This is the equation 


i 
I eR ge 
haw r D 
which 
k, the capacity factor 
ui the weight of flowing fluid, in lbs./hr. 
hiy the differential head of the meter, in inches of wate) 


at 60°F. 
p — the density of the flowing fluid in lbs./ft. 
D internal pipe diameter, in inches 
This equation is used for liquids, gas, and air flow. Fo 
steam flow, it can be written 


k ae 


\ sp.vol ” 


where the specific volume of the steam is expressed in cubic 
feet per pound. 

To solve either of these equations, it is necessary to know 
or to estimate the maximum rate of flow expected. In this 
connection, meters used to measure gas and vapor flows 
usually read in terms of cubic feet. It is thus necessary to 
convert this volume flow into pounds per hour by the 
following: 


WW tg dS ee 2, | 


The maximum meter differentials, hw, for steam and liquid 
flow measurement are 13.25”, 53”, 120”, 212”, and 331”. Fon 
gas, air, and other vapor flows, these maximum differentials 
are 2°, 6", 8” and 14.3”. Whenever possible use the 53’ 
for steam and liquids and the 2” for gas, air, and vapors. 

The density of gas or vapor depends upon its tempera- 
ture, pressure, specific gravity and percent saturation, and 
of liquids upon its temperature and specific gravity. The 
specific volume of steam can be obtained directly from 
steam tables. , 

After determining E from the above data, refer to Fig. 2. 
The curve marked “Orifices” gives the ratio of the orifice 
hole diameter to the pipe diameter corresponding to various 
FE values, and the curve marked “Flow Nozzles” and “Ven 
turi Tubes” gives the same relation for these two types of 
primary elements. Note that the Orifice curve stops at a 
maximum ratio of 0.85, the Flow Nozzle curve at 0.81, and 
the Venturi tube curve at 0.70. It is not practical to build 
these primary elements of ratios larger than these limits. 

It will further be noted from Fig. 2 that up to a maxi- 
mum FE value of about 230, it is possible to use either an 
orifice or flow nozzle. The flow nozzle for any given E value 
has a somewhat lower diameter ratio, which gives it the 
advantage of being able to measure a higher flow rate with 
a meter of any given differential head size. However, the 
orifice is considerably cheaper, easier to install and replace 
in the event of a capacity or other change, and its accuracy 
is of the highest, because of its thorough investigation by 
many experimenters. The orifice, therefore, should be used 
whenever and wherever possible. 

The interdependence of meter size and type of primary 
element can best be understood by considering several spe 
cific examples. 


Assume that it is desired to measure a flow of 50,000 Ibs. of 
steam through a pipe of 9.5” internal diameter, at a pressure of 
100 lbs. saturated. The specific volume of 100-Ib. saturated stean 
is 3.892 ft ib ind by substituting these data in equation (2). 
assuming the us¢ f a 53” differential head meter, the resulting F 

is 150. From the Orifice curve of Fig. 2 the ratio is 0.75, and 
if the proposed piping rrangement is adequate, as will be ex 
plained later, the rifice and meter combination should be used 

On the ther hand f it were desired to measure 100,000 Ib 

tead of 50,0 Ib inder the me conditions, ther the I value 
w ld be 3 The Orifice curve does not extend above 230; ther 

nnot be used, By increasing t 


INSTRUMENTS 
Page 7 Vol. 15 

































































Unity t T r —— 
Quick-reference Curves for Determini 
Meter Type and Size from Flow Conditions 
"Tele ages si 2% 8,8], 
085 Ss oo ee ee et : E: ¢ 
80 et 
====5==---====="-====="=>-4 
OPS ttt eo Gesesrsca 
070 Sane ee Oe F: 2 ae | : 
F { eo eue eae 
Sey cozaa | 
SES" 
OY 
an W 
E= oD* 
where W= Weight of Fluid, lbs. /hr. 
D=Pipediam., in. | ? 
vf S=¥/5p.vol. . 
‘e where h,,=max.differentia/, in. water ; 
o | —- Piasic BON ‘E”= —. an 
| | VhyXp xD : 
+t p= Muid s density, lbs./Ft3 ‘ 
Lili} Capacity Factor E" 
| ! | 
0 | 50 /00 /50 200 250 300 
Fig. 2 


meter differential size to 120”, however, tl 
200. This permits the use of an 0.82 diamete 
120” meter, which in most cases will prove t 
well as the most desirable combination. 


ie EB value reduce 
r ratio orifice with tl 


he most econom 


ical 


Should the piping arrangement not be suitable for an 0.82 di 


ter ratio orifice, or if for any other reason 


ised, then the best combination would be the 120” differential h« 


an orifice could 


meter and a 0.70 diameter ratio flow nozzle. 


Other flow conditions of capacity, pipe si 
flowing fluid might result in an FE value of 
were attempted to use a 53” head meter an 


”“ to 120” decreases the FE value by 24, or 


which is still beyond the Orifice curve but which would all 


use of an 0.80 diameter ratio flow nozzle. 

If an E value of 600 were first obtained, 
ind orifice combination, increasing the met 
would reduce the EF value to 24 of 600, or 4{ 


both the Orifice and the Flow Nozzle curves, 
necessary to increase the meter size to 21: 


times the 53” differential, the EF value will t 
or to 300. This allows the use of a flow noz 


ze, and quality 
450, for exampl 


not 


of 


t lI 


3 d an orifice. Since 
is beyond the Fig. 2 limits it is necessary to reduce the I 
hanging the meter head. Increasing the meter differentia 


in this instance 


based on a 


er differential to 12 


1 fi 
to 


Ww 


0. Even this is beyor 


) 


zle 


Since it is not desirable to use a larger nozzle than 0.81 
ilue exceeding 300 


ter ratio, it is evident at once that an PB vi 
require a larger differential head than was 
value. If the differential head used to obt: 


used to arrive at tl 


1in an FEF value 


of 


Fig. 2, so it would bt 
Since this is f 
ye reduced by one halt 

of 0.80 ratio. 
diamé 


was 212”, as described in the preceding paragraph, then it wou 


be necessary to do any one of the followir 
thereof :—(1) Increase the meter differentia 
(2) Increase the pipe size, or 
(3) Reduce the maximum capacit 


1g or any combinati 


1 to 331”, or 


y. 


It will rarely be necessary to resort to the use of a mé 
large as the 331” size or to follow either of the other two 


” 


tel 


pos 
bilities or combinations thereof, for the great majority of meter 


problems fall within the scope of the standard 53” and 120” 


ters for steam and liquids, and 2” and 6” 


vapor g. 


While the examples above are based on the use of stand 
ard Bailey meters, the curves of Fig. 2 
outlined above are universal and apply to the use of ar 
head meter of any manufacture and to any orifice usi! 
vena contracta pressure connections, that is, with the in! 
connection one pipe diameter preceding and the outlet co 
nection approximately 14 pipe diameter following the orific 


for gases and 


oO 


As such the reader will undoubtedly find these curves 
value in the solution of metering problems whether tl 
fluid is steam, water, gas, air, oil, or any other fluid capab 


of measurement with head meters. 


and the procedu? 
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ANOTHER FIRST STEP—PIPING LAYOUT 


An equally important consideration is the selection of a 
suitable location for the primary element. In order that the 
orifice, flow nozzle, or Venturi tube may function in the 
manner anticipated by its design, the proper lengths of 
straight pipe must be provided for, both preceding and fol- 
lowing the primary element. 

The required lengths preceding the primary element, for 
several different piping layouts, are shown by the Fig. 3 
curves. Two points will at once be apparent on examining 
these curves: (1) the required lengths of straight pipe in- 
crease rapidly with the diameter ratio of the primary ele- 
ment; and (2) as the piping arrangement proceding the 
straight run ahead of its primary becomes more compli- 
cated, longer runs of straight pipe are required for any 
given diameter ratio. 


The simplest arrangement, shown in the upper left hand, 
may include any simple fitting such as an elbow, tee or one 
long-radius bend. The long-radius bend itself may even be 
considered as so much developed straight pipe, if it is pre- 
ceded by at least ten diameters of straight pipe. It cannot 
be so considered if it is preceded by a fitting or valve (other 
than a wide-open gate valve), or by another long-radius 
bend. Thus it is not permissible to consider any combination 
of bends as equivalent to straight pipe, but one can consider 
only the straight pipe itself which follows such bend com- 
binations. In every instance except the case of a single 
long-radius bend we must consider the run of straight pipe 
as starting with the end of the bend immediately preceding 
the straight run. 


In view of the great importance of this matter of proper 
piping arrangement for accurate metering, the author urges 
that everyone in position to do so see to it that adequate 
lengths of straight pipe are provided in the beginning when 
the piping system is laid out, for each meter installation 
mtemplated. Usually this is not a difficult job if these con- 
iderations are taken into account then, whereas changing 
he piping layout later so as to provide suitable locations is 
much more difficult and expensive matter. 


Many times it is necessary to use existing piping layouts 
which do not provide satisfactory piping arrangements, 01 
you may be unable to provide the required amount of 
straight pipe in a new installation. For example, you may 
require a 0.75 diameter ratio orifice with a 53” head mete: 
to handle a flow problem, in accordance with examples given 
above, but you may have available but 10 diameters of 
straight pipe on the inlet side and this is preceded by an 
elbow or tee. For satisfactory service, you should have at 
least 16 diameters of straight pipe. By increasing the head 
of the meter to 120”, the diameter ratio is reduced to 0.64, 
for which size the 10 diameters available will suffice. But if 
the 10 diameters of straight pipe were preceded not by one 
elbow or tee, but by two elbows or fittings in the same plane, 
then 22 diameters of straight pipe would be required fo. 
the 0.75 ratio orifice. In this case it would be necessary t 
increase the meter differential to 120” and use a flow AC 
instead of an orifice. If two bends or fittings at 90 
other preceded this 10 diameters of straight pipe, 25 diame 
ters would be required, and in order to reduce the diamete: 
ratio to about 0.43, so as to utilize the actual 10 diameters 
head mete? 


noZz 


to eacl 


available, it would be necessary to use a 212 
and a flow nozzle. 

Thousands of experiments by careful investigators have 
disclosed also that accuracy may be destroyed by altering 
the flow conditions too close to the primary element on the 
outlet A good rule for best provide a 
straight run of pipe after the primary element equal to 
one-tenth of the length ahead (as determined from Fig. 3) 
but never less than one pipe diameter. These painstaking 


side. results is to 


investigations have disclosed further that this general rule 
is modified by the nature of the fittings on the downstrean 
side of the primary element as well as by the diameter ratio 
of the primary element itself. Thus the rule must be strictly 
enforced if there is to be a 90° ell; but a wide-open gate 
valve may replace the straight section. These findings are 
summarized in Table I. 

OUTLET SIDE OF 
STRAIGHT PIP! 


ALLOWED ON 
IN PLACE OF 


FITTINGS 
ELEMENT 


TABLE I! 
PRIMARY 





Fitting on Diameter Ratio 











Outlet Side 0.20 0.30 040 0.50 060 0.70 0,80 | 
Gate Valve 
Y-fitting 
Separator 





Expansion Joint 
Tee 
$S5° El B=: a z 


"¥ 1F Inlet Neck Is One Diam. Long 

















Table I that it is possible to install 
elbows only 


It will be noted from 
an orifice or flow nozzle at the inlet side of 45 
if the diameter ratio of this primary device does not exceed 
0.50. Similarly, expansion joints can be used on the outlet 
side only up to 0.60 diameter ratio, Y-fittings and separators 
up to 0.70, and gate valves up to 0.85. Naturally the better 


installation is made between straight runs of pipe, with at 
least two diameters following the primary element 
Straightening vanes may be of assistance in some 11 


stances where there is sufficient pipe to install them and 


where the line velocity, pressure and temperature condi 
tions are not too high. As a they ar 
generally recommended by us. 


rule, howevel - 


From the above, you will note the important place the 
proper location of the primary element plays in the « 
selection of metering equipment. We cannot stress this point 
primary ele 


orrect 


too emphatically. The proper location of the 
ment must be made in the beginning if you expect to obtai! 


lal and worthwhile installatio1 


an accurate, dependable mete 


Any compromise in this direction jeopardizes the accuracy 
of the entire installation. 
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SUPPORT 


SPECIAL FORMS OF ORIFICES AND FLOW NOZZLES 


Mention has been made of the advisability of using ori- 
fices whenever possible. In certain types of service the ori- 
fice presents a means of flow measurement much superior to 
any other. For example, it is comparatively easy to install 
an orifice segment in the top of a large size gas main even 
though no flanges now exist for holding the orifice in place. 
See Fig. 4. Then, too, such application of the orifice per- 
mits extraneous materials such as tar, residues, blast fur- 
nace dust, ete., to be carried through and not build up de- 
posits in the pipe ahead of the orifice. In other cases where 
there is a tendency for such materials to corrode or damage 
the orifice plate, or to foul its inlet edge with scale, tar, or 
grit, the orifice is much easier to remove either for replace- 
ment or inspection and cleaning. It must be remembered also 
that such incrustations are much less apt to form on th 
sharp edges of a thin-plate orifice than on the much broade 
throat of either a flow nozzle or a Venturi tube. 

War Production priorities make it difficult to obtain forg 
ngs for manufacturing flow nozzles, because of the divert- 
ng of a large proportion of the output of forge shops into 
armaments. It is then all the more important to use thin 
plate orifices whenever possible, especially when prompt de 
very to your plant is required. 

There are cases, however, where orifices cannot be used 
because of physical limitations. One of these is the result 
f using welded piping where there are no flanges available 
n the piping system, as is almost always the case with high 
pressure high-temperature steam plants. This makes it im- 
possible to use standard orifices or flow nozzles. So far no 
satisfactory means have been developed for applying special 
orifices to such services but a method has been designed to 
use special types of flow nozzles. These are shown in Fig. 5. 
The holding ring type (most commonly used) is held in 
place by a holding ring which itself is welded to the pipe 
ine. Pins reaching through the pipe wall, holding ring, and 
the outer surface of the nozzle, further anchor the assembly 
to the pipe. The sleeve type uses a holding cylinder sur- 


— =D -_— 
r K, i ae 
Py obs 
LA = HOLDING RING TYPE 
i ee = 
9 . —) NOTE:- ACTUAL VARIATION IN DIAMETER 
OF THAT SECTION OF PIPE IN WHICH 
ry - NOZZLE IS INSTALLED MUST NOT 
: EXCEED § OF ONE PER CENT OF PIPE 
2 | | DIAMETER PIPE MUST BE BORED 
OR SMOOTHED TO THIS TOLERANCE 
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rounding the flared nozzle proper and this cylinder is welded 
to the pipe in the plane where the pipe section holding th. 
nozzle is welded to its adjacent section. This cylinder thus 
forms a backing-up or chill ring at this joint. The assembl) 
of either type of welded-in nozzle is usually done in ow 
shops or in those of the piping fabricator, under our sup: 
vision, so that the entire assembly, less perhaps the K; and 
Ks pressure connections, is delivered to the job site ready 
for welding into the pipe. 

When the pipe sizes are small, for example, 1”, 112”, 2 
2%” and 3”, it is best to use either an Orifice Pipe, 01 
Flow Nozzle Pipe, as shown in Fig. 6. The primary element, 
as well as the K; and Kye pressure connections are factory 
installed so that the field installation is a very simple p 
cedure. The inlet section of these pipes is about 15 diamet« 
long, which is sufficient in most cases to satisfy the mi 
mum piping requirements discussed above. The maximum E£ 
values for which these pipes can be built are given 


Table II. 


TABLE II 
Maximum # Values 
Pipe S Orifice Pip Flow Nozzle I 
1 130 175 
1 1. 140 195 
/ 14 oe 
2 150 245 
160 275 


The orifice and the flow nozzle are interchangeable 
these small pipe assemblies, so that the capacity can easi 
be increased on the job, within the limits of the E values 
given in this table, by removing the small orifice and sul 
stituting a flow nozzle in its place. Larger changes in capac 
ity would require a change in meter differential, or an i 
crease in pipe size. Since the latter is usually not a difficult 
procedure with these small-size lines, such pipe changes ca 
oftimes be made more economically than to change the m« 
ter to a higher head. 

For metering oils, fars, black liquor, crudes, and othe 
liquids of high viscosity, orifices of diameter ratios not ex 
ceeding 50%, equivalent to an E value of 55, should be use: 
Beyond this limit, there is a large change in the orifice cha 
acteristic with every change in flow rate, viscosity, and/ 
density which is reflected at once in the accuracy of thé 


SIZE OF PIPE-INCHES | | % 2 2% 3 3h 4 
“— LENGTH A-INCHES | 19 29 | 38 | 47 56 | 65 74 }> 
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registration. Flow nozzles or Venturi tubes can be 
ised, but are not the preferred types because of the ten- 
of their throats to become rapidly fouled with residue 
such fluids. 
So far, our discussion of orifices has been confined to the 
ed-size type, with a hole of definite size or shape which 
annot, in itself, be changed without obtaining an entirely 
orifice plate or reboring the old one to make the new 
e diameter larger. Ordinarily such changes are infre 
and present no difficult problem. However, there are 
vices where flow rates vary widely from season to season, 
m week to week, or from day to day. Frequent changing 
ifices to accommodate swing's in fiow rate would be 
nvenient if not physically impossible, especially now that 
system capacities must be maintained without shut- 
vns. For such conditions, the Adjustable Orifice, Fig. 
has been designed. It has a segmental orifice plate attached 
rising stem and mounted in a specially-designed body 
th integral pressure connections. The orifice segment is 
positioned quickly and accurately by a micrometer screw 
istment shown at the top of the superstructure. The 
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Today, Increased Production demands that 
an accurate record be kept immediately 
availableofall valuable stored liquids. Many 
industrial users wiselyrely upon thedepend- 


ability of LIQUIDOMETER Tank Gauges. 


100% automatic—these gauges insure accurate readings at all times. 





No pumps, valves, or auxiliary units required to read them. Models 
available so that readings can be taken remotely from or directly at the 
tank. Remote reading types utilize balanced hydraulic transmission 
system which completely compensates for temperature variations on 
communicating tubing. Accuracy unaffected by specific gravity of 
tank liquid. 


Approved for gauging hazardous liquids by 
Underwriters’ Laboratories and other similar 
groups 


Models available to automatically control 
pumps, motors, signals or other devices for 
maintaining minimum or maximum liquid 
levels. 





Write for complete details. 


THE LIAUIDOMETER corp. 


mam \, 
36-27 SKILLMAN AVE. 


LONG ISLAND CITY, N. Y. 
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micrometer head is graduated in hundreds, and thers 
threads to each inch length of the stem, thus making 
sible to adjust the height of the orifice segment to th 
est thousandth of an inch. Since this adjustment 
over practically the entire diameter of the body, w 
bored to the same diameter as the pipe line in whic}, it 
installed, it is possible to get a maximum capacity 
rate adjustment of as much as 40 to 1 from the lo 
the highest possible setting. If the highest setting 1: 
for any specific job is less than the maximum possi 
the orifice, the range of adjustment is of course less. ] 
8 shows the range of such adjustable orifice adjustm: 
the equivalent maximum diameter ratio setting requ 

For example, if the maximum setting corresponds to 0 
rresponding range of adjustment is 34 to 1. In other w 
this maximum required setting of the adjustable orifice cor 


t . flow of 170,000 Ibs. at maximum meter reading, the n 
possible setting of the orifice would be 170,000/34 or 5000 I 
the maximum setting, the meter operated by the adjustabl 
would read 170,000 Ibs it its maximum and with the n 
rifice setting, the meter would read 5000 Ibs. at its ma 
Since most meters record or indicate over a range of 


{ to 1, this means in this particular example, a total 
range of at least 136 to 1, 
Similarly, the maximum possible range of accurate mete 


tration, using the maximum possible adjustable orifice settin 

be at least 160 to 1. ‘ 
Obviously, the use of this device eliminates the nec I 
inging orifice plates or of using a by-pass arrangemer terrelal 

ts attendant valves, tee ind other expensive piping parts 


OTHER TYPES OF PRIMARY ELEMENTS 

The Venturi tube type of primary element has be ae an 
commercial use since 1888 and, perhaps because of its 
established use, it has gained the reputation in some « 
of being the most accurate primary element on the market 
While its accuracy is unquestioned by the writer, att 
is called to the fact that it is inherently no more accurat nd 0:5 
than any well-designed and well-made thin-plate orifi 
flow nozzle when properly installed in accordance wit} 
manufacturer’s recommendations. There are places, : 
ever, Where the Venturi tube does have a decided advantag t 
over any other type of primary element. 

Because of its restoring cone, the overall pressure lo ; 
properly designed and built Venturi tube will not exceed 1 t a 
15% of the differential pressure between the inlet and the t ter, Wn 
section. In fact some manufacturers claim that this loss car liameti 
held to within 10% to 12%. Where available head is at 
mium, as for example in pumping stations where every 
water head saved represents a direct gain in power and I | € in ¢ 
quently a reduction in pumping costs, the higher recovery t maxim 
Venturi may be well worth the additional cost over an or 
flow nozzle. When fluids carrying solids or extraneous mat 
suspension, as for example, sewage, and sewage sludge, art 
metered, the gradual approaches to and exit from the \ 
throat helps prevent accumulation or deposits at the throat. ¢ ised u 
out valves and handholes in the venturi piezometer rings 
further means of Keeping the throat from fouling. Wate: 
and sanitation engineers therefore, favor the Venturi tube 
ilmost universally specify its use in these applications. In our 0} 1 1s’ 
ion there is no particular advantage of the Venturi tube ' ) RO 
flow nozzle in the measurement of feed water to a boiler, si! 
this case the small additional pressure loss across the nozzle 
little in proportion to the total pump pressure. On the othe: 
the flow nozzle, even of the welding-in type, is considerably cheaj esulti 
than the Venturi and therefore, is more justified economical oncent 

There are, of course, other types of primary elements f it fr 
such as Pitot tubes, Parshall flumes, cone sections or ta} 
ers, and numerous special or proprietary forms, but 
cannot take the space to discuss these here. The on 
covered are the most commonly used and thus the 
which you would most likely consider for applicati an 


your own plants. 


EFFECTS OF FLUID COMPRESSIBILITY a 
Another important point to consider when meas p , 
steam and other vapors is the change in density 01 | 
vapor between the inlet and outlet sides of the primary 
ment. At maximum flow, the pressure loss across a p! 
element designed for a 53” head meter, is 1.91 Ib. The 
cific volume of 10-lb. gage steam is, for example, 
ft.“/lb. However, if this pressure is reduced by 1.91 
the outlet side of the primary element by the passas 
steam through it, the specific volume on the outlet sid 
increases to 17.778 ft.°/lb. The basic hydraulic flow 
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1.40, 0.60 and 0.75 di- 
meter ratio concen- 
trie orifices using 
13 ", and 120” 
head meters, and Fig. S |5- 
10 shows the same re- a 
ation for 0.40, 0.60 
ind 0.75 diameter ra- a 
tio flow nozzles, all 

1 measuring 


paseaq on 





steam flow. 
Examination of Fig. 
' shows, for example, 
that a 120” head me- 
ter, When using a 9.75 
llameter ratio con- 
orifice would 
7.15% at 


centric 
be in error 
maximum flow when 
measuring steam at | : 
\0-lb. gage, whereas ba i 
the 53” head meter ie tas 
ised under the same ian os 


‘onditions would be in : i oS ES 


error but 3.15%, and Oy 
a 13%” head meter 
1.8%. Obviously the 

4” head meter is 
the one to use, if the 
resulting size of the 
concentric orifice does not exceed a maximum of 80% and 
f it fulfills the minimum requirements as given in Fig. 3. 
For it must be remembered that every time the maximum 
meter differential is decreased, the diameter ratio must be 
nereased if the same type of primary element is used, thus 
nereasing the required length of straight pipe on the inlet 
side of the primary element. 


Fig. 10 


As the line pressure increases, the meter error due to the 
ressibility of the steam gradually decreases, until at 
s. the error at maximum flow using 120” head meter 
1 0.75 diameter ratio concentric orifice is about 2%. 
his can be cut in half by introducing a 1% correction into 
le orifice design so as to make this meter read correctly 
proximately 70% of flow. This results in an error of 
s 1% at low rates of flow and an error of plus 1% at 
num flow. 
ilarly with a 53” head meter and a 0.75 diameter 
‘oneentric orifice, the error decreases to about 2% at 
ssure of 25 lbs. and the same treatment can be given 
fice design here as mentioned above. 





+ 
+ tht 








By comparing Figs. 9 and 10, it will be noted that the 
errors due to the compressibility of steam are about twice 
as large with flow nozzles as with orifices. In other words, 
errors due to compressibility do not reduce to 2% 
line pressure of about 150 lbs. is obtained using 120 
and a 0.75 ratio flow nozzle or until approximately 
when using a 53” head meter and a 0.75 orifice. 

While the curves in Figs. 9 and 10 illustrate errors due 
to steam flow, similar errors due to the flow of air and 
other diatomic gases are about 93% as large, so that the 
curves serve as excellent guides regardless of the vapor 
being measured. 


until a 
meters 


(VU IDS 


IMPORTANT INSTALLATION DETAILS 


While many readers are quite familiar with the proce 
dure of making a satisfactory meter installation under all 
operating conditions, we believe it would be in order to out 
line briefly some of the important points which need em 
phasis upon their being done correctly. These will cove 
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installations in general, then installations for the measure- 
ment of steam, water, gas and air. 


General 

In all cases, it is necessary to use great care in making 
the installation of K; and Ky pressure nipples. The inside 
edge of these nipples should be flush with the inside of the 
pipe and there must be no burrs, whiskers, or broken edges 
on this end, as otherwise the measurement of static pressure 
at these points will be in error. See Fig. 11. 

Care must be taken also that the primary element is in- 
stalled in such a way as to be centered correctly in the pipe. 
If centering pins are used, they must be installed on the 
inlet side of the orifice. Care must be taken that no part of 
the orifice or flow nozzle is covered up by the flange gaskets. 
It is also imperative that the radiator reservoir assemblies, 
when used for steam and for hot water, be level lengthwise 
and with each other and must be maintained that way at 
all times. 

The connecting piping between the primary element and 
the meter must have a slope of at least one inch per foot 
throughout the entire run and the entire piping system in- 
cluding the K; and Ky» nipples, valves, radiator reservoir 
assemblies at the pipe line must be well supported and kept 
free from leaking. 


Steam 

(1) The K, and Kos pressure connections must be installed in 
the side of horizontal lines, except when a long-radius bend in 
horizontal plane precedes the run of straight pipe ahead of orifice 
or nozzle. In this case, the connections should be placed on top 
ef the pipe 

(2) When the primary element is installed in a vertical line, a 
4%” pipe size (or larger) bent nipple should be used in order to 
bring the reservoir attached to the lower connection up to the level 
of the reservoir attached to the upper connection. This bent nipple 
must be well lagged to prevent the hanging up of moisture in the 
nipple and thus causing a false head on the meter 


(3) The connecting piping to the meter must be made of non- 
corrosive materials and its slope must not be less than 1” per foot, 
more if at all possible to obtain it 

(4) A drop leg system of piping is recommended for all steam 
flow installations where the meter must be located above the pri- 
mary element. The purpose of this system is to prevent the syphon- 
ing of mercury out of the meter in the event a partial vacuum is 
created in the pipe line at times when there may be no actual flow 
taking place 

(5) When the meter is mounted above the primary element, it 
is necessary to have sufficient pressure on the system at all flows 
to keep the connecting lines full of condensate. For example, a 
131,” head meter mounted 15 ft. above the orifice and measuring 
steam at 5-lb. pressure, could not function properly, because at 
maximum flow, the water in the Ke connecting pipe would rise 
only to a height of 11.5 ft. instead of the required 15 ft. If it is 
impossible to lower the meter so that at any rate of flow the con- 
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necting piping can be maintained full of condensate at 
of flow, then it will be best to use a Synchro-Meter syst: 
the transmitter located anywhere close to the primary 
and the receiver located at the desired elevation of 15 ft 
the orifice. Another Bailey scheme utilizes the standard ms 


} 


cally-operated meter above the primary element. In this 
radiator reservoirs are located at least 5 ft. above the met 
are connected to the steam line by 1” lines which are tapy 
either the top of the pipe or at an angle of approximat: 
Drain or recirculating lines must be provided between th: 
tors and the orifice. This drain line is left bare, but the 1 
line to the radiators is well lagged. 

(6) When considerable dirt, mud, scale, or other impuritic 
in the steam lines, it is best to install settling chambers or 
These can be blown down periodically or as required. 


Water 

(1) K, and Ko pressure connections should be installed 
of a horizontal pipe. They should never be installed in the D of 
the pipe under any circumstances, due to the trapping of air 
rated from the flowing fluid which in turn would cause the oor 
necting piping to the meter to become air bound. 

(2) Should it be necessary to use an eccentric or segmenta 
orifice made flush with the bottom of the pipe so as to allow ale 
mud or other impurities to be washed through, the orifice can by 
so installed as to have its nameplate and the Ky and Ko nipples 
at 45° from the horizontal instead of in the horizontal plane. This 
will still allow the orifice to be substantially flush at the | on 
especially in the case of the segmental type orifice and at the same 
time will not place the connections directly at the top of the pips 
where they may become air bound, 





(3) It is desirable to have a reservoir at the end of K; and K 
connecting nipples in the case of water flow measurement at tem 
peratures in excess of 250° in order to equalize the temperatures 
in both connecting lines to the meter. It is also not desirable t 
locate the primary element in a vertical line because of the dif 
culty of equalizing the temperature in the bent nipple with th: 
line temperature. 


Gas and Air 

(1) The K, and Ko» connections should be located on the toy 
the horizontal piping so as to allow moisture to drain back int 
the main line. 

(2) It is desirable to have drip pockets at the meters in th 
case of gases carrying moisture, dirt, tar, or other material, s 
as to keep these substances out of the meters themselves as muc 
as possible. 

(3) The connecting piping should so run as to have no pocket 
or dips which would collect water which would render the mete 
inaccurate, 

(4) Sometimes it is desirable to make the connecting piping 
or 1%” size instead of the usual %4”, especially where the 
is a long way from the orifice, and where maximum sensiti\ 
metering is desired. 


If your meter selection has been wisely made in accord 
ance with these basic engineering considerations, and if 
actual installations have been carefully made in a work 
manlike manner, your meter installation should pay hand 
some dividends, in terms of accurate knowledge of what is 
going on in your plant, for many years to come. 
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New Method of Measuring Mechanical Vibrations 


By H. C. WERNER 


Research Engineer, Westinghouse Electric & Mfg. Co., East Pittsburgh, Pa. 


IGHER speeds and refinements in machines have 
given rise to a need for methods of measuring lateral 
mechanical vibrations with an accuracy heretofore 

ttainable, so that correct diagnoses of vibration troubles 
be made rapidly in practice. Because of this need, West- 
iouse research engineers have been studying methods of 
usuring vibrations and it is believed that the new method 
in disclosed represents a major advance. 

\ vibrograph, in its simplest form, consists of a mass 

nected by a weak spring to a supporting frame as shown 

Fig. 1A. The frame is held against the vibrating body 

1 forced to vibrate with it. A pointer on the mass and a 
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Fig. 1 c 


scale on the frame give the relative position of the two 
parts of the vibrograph. To make a record of the vibration, 
the pointer is replaced with a pen or stylus which marks a 
suitable moving tape on the frame. The record is a curve 
showing the relative motion of the mass and frame drawn 

a time axis. 

The following equation* shows the relation of relative 

tion to frequency for the system of Fig. 1A. 

(w- w-) 


Yo N 


ao \/ [1 - (& w2)]2 ((2D/De) (@/ex)]2 


vhere Yo is relative motion of mass and frame 
is vibration amplitude (frame) 

is vibration circular frequency 

is natural circular frequency of vibrograph 
PD is equivalent damping of vibrograph between mass and 

frame (assume viscous damping) 
De is value of critical damping. 

A typical resonance curve plotted from this equation is 
shown in Fig. 2B. Although the system has no special damp- 
ng, there usually is enough present because of pen friction 
ind working at the spring clamps, etc., to damp out the free 
ibration of the mass in a reasonably short time. From this 
curve it is evident that at low frequencies (near zero cycles 
er minute) the mass follows the frame and no amplitude 
s recorded. On the other hand, at high frequencies (more 
than twice resonant frequency) the mass is practically sta- 
tionary, and a record is obtained which is close to the mo- 
tion of the frame or vibration being measured. The error 
Ss given by the curve. The limitations on measuring low 
‘requencies are therefore determined by the natural fre- 
uency of the suspension. The natural frequency should not 
e greater than approximately one-half the lowest frequency 
eing measured. For this simple system there is no funda- 
1ental upper frequency limit. 


*See ‘“‘Mechanical Vibrations,” by Den Hartog, page 69 


For small amplitudes it is impractical to make a re 
directly without some magnification between the mass and 


frame. This can be done as shown by Fig. 1B, and if the 
single degree of freedom is retained, the resonance curve 
of Fig. 2B still applies. 

Sometimes it is impractical, or even impossible, to have 


the frame of a vibrograph follow the vibrating motion of 
a body. For instance, there may not be a convenient place 
to set or fasten the instrument, or the body may be sma 

and the vibration itself affected by the addition of mass 
(vibrograph frame) to the 
scheme for a portable or hand type vibrograph which car 
be used for such conditions. The vibrograph mass is held 

the hands, which in this case act as suspension springs, and 


small body. Fig. 1C shows a 
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body and transmits the vibration to the stylus. It is neces 
sary to have a spring to hold the prod against the body, 
and this spring must exert sufficient force on the prod to 
keep it against the body for all vibrations being mea 
However, the frequency range of a vibrograph of this type 
is limited at both low and high frequencies. When the inertia 
forces of the prod and stylus parts overcome the spring 
force, the prod fails to follow the vibrating surface against 
which it is held. Although the spring must exert sufficient 
load on the prod, it also is desirable to keep the spring cor 

stant as low as possible since it is parallel with the sus- 
pension springs (the hands in this case) and affects the 
natural frequency of the mass. This system is not restrained 
to one degree of freedom, and it is possible to have errors 
introduced because of rotation of the mass. By proper de 

sign, however, these errors can be minimized. 

A more universal unit (Fig. 1D) results if the systems 
of Figs. 1B and 1C are combined. By clamping the mass to 
the frame, the system of Fig. 1C 
is unclamped and the prod clamped to the frame, Fig. 1B 
results. 

With proper suspension, any of the above systems can be 
made to measure lateral vibrations in any direction from 
horizontal to vertical. 


sured 


is obtained. If the mass 


RECORDING 


To satisfy the requirements of industry a method of 
measuring vibrations must have accurate timing and re 
cording, be capable of measuring frequencies up to about 
15,000 cycles per minute, and have provisions for making 
measurements seismically, as well as by holding the instru- 
ment in the hands. 

A stylus consisting of a fine steel wire with a spherical 
end of about 0.002” radius may be used to make a record 
on a celluloid film.* Pressing lightly on the celluloid, the 
stylus causes the film to flow plastically. In moving over 
the celluloid surface, the stylus makes a narrow and shallow 


*This method of recording has been used by the Cambridge Ir 
strument Co 
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POLARIZED MICRORELAY 


May be used as a relay detector with any of various standard 

instruments which incorporate a transmitting potentiometer — for 

remote positioning control of motor-operated valves, control 

motors, speed-changing devices, position-indicators, etc. Applica- 

ble in many systems for the accurate contro! of temperature, pres- 

sure, liquid level, speed, pH, moisture regain, tension,and the like. 
WRITE FOR BULLETIN F1667-1 


BARBER-COLMAN COMPANY 


1202 ROCK ST. e ROCKFORD e ILLINOIS 
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groove which can be viewed with a low-power micros: 
A celluloid ribbon approximately 0.005” thick and 1 
is used. 

Fig. 5 shows a scheme for making a record of vibrat 
on the film. The film is rolled up and set into the r 
recess provided, and the end is led up over the flanged ¢ 
roll and through the drive and tension rolls. The te) 
roll is mounted on a flat spring and holds the cel] 
against the drive roll which is operated by a spring m 
The stylus point rests on top of the film, where the la 
is supported by the guide roll. The timer stylus is dir 
under the main stylus and records a timing wave on 
underside of the film. The main stylus arm is pivoted « 
tically to the main body of the instrument. The prod as 
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bly is supported by two flat springs which serve not only as 
an elastic support with one degree of freedom, but also pro 
vide the necessary force to the prod so that it will folloy 
the vibrating surface against which it is held (see Fig. 1¢ 
These springs are designed to exert a one-pound force 01 
the prod, and at the same time have as low a spring co! 
stant as possible (one pound per inch total). The vibrati: 
motion of the prod is transmitted to the stylus arm throug! 
a stiff wire or connecting rod which connects these t 
parts. By fastening this wire to the stylus at a point 
beyond the stylus arm, the wire will only deflect in sing! 
instead of double bending and can be made consideral 
larger in diameter from a stress standpoint. This increas 
the stiffness in the direction wanted. 

The elastic construction of a mechanism built accordi! 
to this scheme insures permanent reliability since there a 
no wearing parts such as would be had with pin hing 
Friction is also eliminated and periodic adjustments a 

















unnecessary. 

In order to examine the records and measure the f1 
quencies and amplitudes, a low-power microscope with 
graduated eyepiece is used. The microscope contains a flas 
light battery, bulb, and a reflecting mirror such that t 
light is directed up through the film and gives the necessa 
contrast between the record and the background. The re 
ords can be photographed if desired. 








cakes 





TIMING 

timing vibrations, a system consisting of two masses 
used. They are spring mounted to the main body in 

a way that each can rotate about an axis through its 
of gravity, the two axes, O; and On», being parallel 
tie pivots similar to those used on the stylus are em- 
d for this mounting. By making a connection between 
two masses, aS shown in Fig. 4, the masses are re- 
ned to rotate in equal and opposite directions. This 
em has a natural frequency determined by the inertia 
e weights and the spring constant of the pivot springs. 
fastening a stylus point to one of the masses such that 
s slightly off the axis of rotation as shown, and exciting 
ee vibration of the system, a record of the free damped 
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STYLUS~ 
HELP 
« . o Fi ; ° ” 
Keep em Flying 
__}-AxIS OF ¥i 
ROTATION Over 50° of all Aircraft Engines and Acces- 
es eee sories are Tested with Meriam Instruments 
' \ 
' i rat ‘ a ° “a , ’ 
= a See The extensive use of ““Meriam’’ Manometers in this 
field is a stirring tribute to the accuracy and de- 
pendability of these time-saving instruments. 
Fig. 4 They are used to test— 
l | Air Flow, Absolute Stack Pressures, Carburetor 
t Pressure Drop, Crankcase Pressures, Engine 
| Manifold Pressure, Supercharger Pressures. 








And in addition— 
For Testing and Checking Altimeters, Air 
Speed Indicators, Fuel Pressure Gauges, Fuel 
Quantity Gauges, Fuel Vacuum and Hydraulic 
Pumps, Manifold Pressure Gauges, Rate-of-Climb 
Indicators, Suction Gauges. 


vibration can be made on the film as it is drawn across the 
stylus. By plucking the weight periodically, a series of tim- 
ing waves are thus obtained on the film. Protruding pins on 
a gear which is driven by the spring motor strike a corre- 
sponding pin on one of the weights and excite the system. 
By using two weights, all reaction forces of the springs Whatever Your Require ments in Measuring Pressure, 
on the main body are cancelled. This is important for twe Vacuum and Flow of Liquids and Gases 
reasons: (1) If the main mass vibrates because of the 
timer, a poor record results. (2) When an instrument built 
according to this system is used as a hand instrument, 


There is a Meriam instrument that will meet your 
test requirements. As specialists for 31 years in 


vibration of the mass caused by the timer will be damped instrument manufacturing we shall be pleased to 
by the hand support, and this damping energy is taken consult with you and advise fully regarding your 
from the timer vibration. This results in only two or three measurement problems. Ask for condensed Cata- 


free oscillations as against approximately 25 free oscilla- 


: : log C-10. 
tions with the method described. °8 


SEISMIC MOUNTING 


It is essential that a scheme for a vibrograph include 
provisions for seismic mounting, because this is necessary 
for many applications. To operate successfully for this 
mounting, as much of the essential weight (motor, drive 
nechanism, timer, counterweight, etc.) as possible must be 
ncluded in the sprung mass, and the unsprung supporting 
‘rame must be made as light as possible. This gives a de- 
ign of minimum weight with the mass where it is most for the accurate 
esirable. measurement of Pressures, Vacuums and Flows of Liquids and Gases. 
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Fig. 5 


Fig. 5 shows a base plate to which the seismic mass « 
scribed above may be mounted. The three flat spring: 
support the mass and allow relative motion in one direction 
only: the direction in which the vibrations are being meas 
ured. The clamping screw C clamps the mass against tl 
two stops A when the unit is to be used as a hand instru 
ment. The two coil springs are connected to the mass, and 
when used seismically, serve to keep it balanced between its 
stops for any position of the vibrograph. This balance: 
made with the adjusting screw B and lock nut D. 





— 





Fig 6 


WESTINGHOUSE VIBROGRAPH 
MAGNIFICATION 





— 
4000 6000 800 1000 2000 14000 000 
one 


VIBROGRAPH 

We have discussed the principles according to which 
vibrograph to be used as either a seismic or hand instru 
ment may be built. A few words concerning a_physi¢ 
embodiment of the method discussed are now in order. A 
vibrograph developed by Westinghouse research engine: 
will measure vibration in all directions. Its characterist 
are shown quantitatively in Figs. 6 to 10. 

Fig. 6 shows the effect of frequency on the magnificati: 
of the vibrograph. Fig. 7 is a continuation of the curve 
Fig. 6 at low frequencies. This curve shows the effect 
approaching the resonant frequency of the seismic mou! 
ing, and at 700 cycles the error is approximately 20°‘ ne 
However, when the vibrograph is held in the hand, it ° 
possible to go to lower frequencies because the spri! 
mounting is not the limitation.* 

*It is possible to measure vibrations with frequencies lower tt! 
the intended range of the vibrograph by making a special suspt 
sion. The instrument is set up as though it were to be held int 
hand but is, instead, clamped to a large mass which is itself s\ 


pended by a weak spring. The natural frequency of the combin 
mass must be less than half the frequency being measured. 
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Fig. ‘ . . . 
Easily and inexpensively assembled from 
Fig. 8 gives the double amplitude the prod will follow for our Microscopes and Universal 
any given frequency. (This limitation does not exist when Laboratory Supports 


using the seismic mounting.) At 15,000 cycles per minute 
a double amplitude of 0.002” can be measured and, at 4,000 
cycles, a maximum of 0.025”. 


@ Extremely wide range of magnification 
®@ Bright, clear images 
@ Parts, including microscope, may be used 
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MICROSCOPE READING AT PRO period. Its the toughest 

Fig. 9 pliable substance known, successfully withstands 

: sudden pressure shock. New book *‘Draft-What- 

Fig. 9 is a curve showing the linear relation between the Why-Where” tells all about draft and draft 
prod and stylus. The microscope readings, which are plotted, measurement. Send for your copy today. 


ire from arbitrary scales and are not to be used to obtain 
the magnification of the instrument. 


The width of the impression made on the celluloid by the } 
tylus is approximately one thousandth of an inch, and the } al - P(] RAT (] N 


ninimum amplitude which can be read on a record is one 


vhich is approximately equal to the width of this impres- smcevvor BWM comBustion 
; INSTRUMENTS MICHIGAN CITY, INDIANA, U.S.A. 
(Continued on Page 94) AND CONTROL 
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Sag Measurement by Means of a Stop Watch 


By REX A. TYNES 


Assistant Electrical Engineer, Signal Corps Laboratories, Fort Monmouth, N. J. 


N the present era the transmission of electrical energy 

is a field in which many interrelated problems are al 

ways present. These problems fall into two principal 
classes: electrical and mechanical. In this article the me 
chanical features are considered, but in practice the two 
classes may overlap. 

The aim in mechanical design is to construct the line 
most economically. This naturally leads to the use of long 
spans whenever possible. When the span length approaches 
a Maximum distance which good design permits, the cor 
rect sag (and tension) becomes a problem of primary im- 
portance. In order to obtain desirable or required ground 
clearance without increasing pole height, conductors are 


ort, 





nD 








forted 
SOE GSP IOSD OOD 


Schemat Daeram—Propartions J 
| 5e emalie Lager gin —! TOpgegsons + 


Fig. 1 


subjected to higher tensions. As the tensile strength and 
size of conductor are increased, the economical advantage 
vould be reduced. Thus in order to build the best lines pos- 
sible, it is necessary to understand the relations between 
clearance, sag, span length, tension and other factors. 

From theoretical considerations it is assumed that a pet 
fectly flexible member of uniform weight, when under ten 
sion, assumes the shape of a catenary curve. The equations 
if the catenary are: 


SS ae oe ee a>) one 


y >a (é é ) acosh (xa) 
vnere: 
catenary constant 
fF tension 
unit weight of conducto1 
j general ordinate 
general abscissa 
The use of hyperbolic functions is convenient in the above 
formulas and may be used with considerable accuracy if 
suitable tables are available. 
Another type of curve the conductor may approach is 
that of a parabola. The equation of the parabolic curve is: 


Ss wh?/8F . 3 ; » ot tae 

where: 
Ss sag 
L span length 
v unit weight of conducto1 
F tension 

It has been proved that the catenary is more nearly a 
parabola at small sags, that is to say when the sag is less 
than 4°% of the span length. Below this percentage of sag 
the error in assuming the curve to be a true parabola is 
less than one-fourth of one percent. When the sag is less 
than 2'2°%, the error is infinitesimal. This is the range of 
sag of most lines. Then, for sag calculations with ordinary 








spans, we may dispense with the cumbersome cate: 
equations and assume the parabolic equation, (3). 

The method of measuring sag by means of a stop-wa 
involves the principle of vibration such as is experie1 
in a violin string or other tightly-stretched cords. In Fig 
assume a wave to be moving toward the left with a velo 
v. This motion, relatively speaking, is equivalent to a 1 
tion of the conductor, but in an opposite direction. 1 
wave will then be considered stationary and the parts 
the conductor will pass the wave with the velocity v. N 
let QR be a small part of the wave, the are QR being 
small that F’ and F’, are equal and that it may be cons 
ered a corresponding are of a circle. The tangents to t 
curve QR are drawn, TR and QT. The velocities at points ; 
Q and R may then be represented by vectors QT and TR a 
As the conductor passes from Q to R in time t, that lengt! 1 
of conductor will have a normal acceleration, a, toward t! 
center of the imaginary circle of which QR is assumed to It 
be an are. This center is in the direction of the vector TS 
Now by the theorem of relative velocities: 


can 

Vor = Var PWae. a is Shee 2-2 ao BS ; 
Therefore since TS represents a change of velocity ta acc 
the time t, hence test 
/-O O/T en: 

rS/TR se ste ee a ee _ 

ne i 

The only forces acting on the are QR are the two equal t101 
forces at Q and R, or the tension in the conductor. Thes the 
cus 


forces, by choosing an appropriate scale, may also be repré 
sented by QT and TR, a. If the weight of the conductor pe) 
unit length is w, the weight of the arc QR is then wl. 


Hence: TS/TR EA Niele ae ede Le ae 


Combining equations (5) and (6) we have 


iO S88) 25 ky ow eo oe ey AO 

In any constant motion we have L vt, so, by substitut 
ing v — L/t in equation (7) we have 

ft a /E fo a mi ty Re ead oe 

from which: gt” PESOUA | ah <n Ao ee es A ee, 


From equation (3) it was shown that the relations b« 
tween sag, unit weight, span length, and tension, in a para 
bolic cable are: 

S—wL-/8F .. eee ae eee ee Te te, 

This equation reduces to the form: 

fase 6 ose 8 ow Me AS & See 

Equating the left-hand members of (9) and (10) we have 
gt 8s . ° ° . . . . . . . . . (11 

Ol S WEAF: oc os, cy Yili Bee eo eh ae eee 

Here t represents the time for the wave to travel th 
length of the span L; S is the sag and g is the acceleratio! 
of gravity. For three returns (in which the wave travel 
six times the span length), the time will be six times tha 
for the wave to travel one span length as in equation (12) 
Substitution in equation (12) then, for T = 6t, we have 





S = 917 0): 7/8 Sei eee «sw we 1 ES 
the solution of which gives 
S— OST? 2 wo ws «es ¢| 


where S is the sag in feet, and T is the time in seconds fo 
three returns. >g 





application, the conductor should be struck a blow 
to one support and a timing device such as an accu- 


stop-watch started simultaneously. (A watch with a 
econd dial is very satisfactory for this purpose.) The 
will cause a wave to travel along the wire to the dis- 
support, where it is reflected and returns to the near 





The magnitude of the wave will gradually decrease, * THE HEART OF 
n ordinary span lengths and conductors, three returns a 
be seen and felt with satisfactory accuracy. The for- MANY OF INDUSTRY’S 
1 for use in practice is then worked out on the basis FINEST INSTRUMENTS 
three returns. From this formula it can be seen that 
sag, as calculated by the stop-watch formula, is inde- 


lent of span length, tension, conductor size, and physi- For more than 
conditions at the time of the test. twenty years, leading 
lhe method is applicable in either dead-ended on undead- American whamentiaie. 
ied spans; it is applicable on wires with ice load; it may turers have used 
n be used to measure sag on a live line in dry weather Eppley Standard 
using a dry cord. The cord should be thrown over the con- Calle 16 theic ve: 


ctor and worked as close to the support as it is possible 

produce a wave. This wave can be felt in the cord and 
the watch should be started as soon as the cord is jerked 
nd stopped when the third return is felt. 

This method is especially valuable for measuring sags on 


corders, pyrometers 
and other instruments 
utilizing the poten- 
tiometric system of 





nes where the conductors are not larger than 4/0 A.C.S.R. measurement. 
It is less satisfactory for large conductors, due to es 

eater amount of energy required to set up a wave which This is the best possible recognition of the high 
‘an readily be felt after it has traveled from one support to standards of efficiency and continued reliability 
the other and back, three times. which Eppley has maintained through consistent 

Experimentation has shown the results to be remarkably painstaking research and the utmost care in 
accurate, even to within a fraction of one percent. Several manufacture. 








test spans were used with different conductors and span 
engths in the field tests. Likewise, sag measurements in the 


field with R.E.A. lines have been satisfactory. The applica- THE EPPLEY LABORATORY. INC. 
tion of this method is limited only by the degree to which ferenlific Instruments 

the catenary approaches the parabola, as previously dis- : 

ussed , NEWPORT RHODE ISLAND 
cussed, 
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P. R. Ewald’s Model ESMDT Course 


Alabama ranks first alphabetically; it ranks high in instrumen 
tation because of Phil Ewald and other devoted workers Ewald's 
utline is so wsable by other instructors that I decided to print 
dl of it in large type in this E&T Dep't. (For other outlines see 
Dec 1940 Instruments, pages 377 and 396.) 


M. F. BEHAR, Fdit 


To the Editor of Jnstruments: 

Am enclosing literature on a course in industrial instru- 
ments completed this Fall. It was given as one of the 
ESMDT night courses for new men in instrument work in 
this vicinity. 

It was my first teaching experience and an interesting 
job organizing the course and the material. More than 
twenty started; a dozen finished and received certificates. 
Of necessity it was mostly a survey course—only 78 hours 
to cover all the material listed. Its purpose was to introduce 
new (but technically-trained) men to the field of instrumen- 
tation. 

The Sept.-Dec. 1940 issues of Instruments served admir- 
ably for the temperature and pyrometry lectures and “Fun- 
damentals of Instrumentation” was recommended for out- 
side reading. Most of the men are now Instruments sub- 
scribers. 

At least one other course has been completed here in 
Alabama and two or more are under way using an outline 
similar to the enclosed. 

Two more courses are under way here in Sheffield with 
a total enrollment of 35. One is in research instruments, 
conducted by your old friend Dr. E. H. Brown, and the 
other in plant instrumentation by A. Hastings and myself. 

Sincerely yours 
712 Raleigh Ave., P. R. EWALD 
Sheffield, Ala. 


Jan. 30, 1942. 


[Enclosure No. 1] 
ENGINEERING, SCIENCE AND MANAGEMENT 
DEFENSE TRAINING 
INDUSTRIAL INSTRUMENTATION 

Registration September 2-5 at the Sheffield High School 
from 9:00 A. M. to 9:00 P. M. Classes start September 8 
from 7:00 until 10:15 P. M., two nights per week for twelve 
weeks. Defense Training, tuition free. 

Classes include lecture and laboratory work on instru- 
ments. Supplies are furnished. 

Sept. 8—O ut1ine—Scope of instrumentation, scope of 
course, International standards of measurement, U. S. Bu- 
reau of Standards, plant standards, indicating, recording 
and integrating meters, scales, verniers, errors. 

Sept. 10—Mass, dimensions, time, weights, balances, 
scales, calipers, planimeters, timers, tachometers, vibro 
meters, stroboscopes. 

Sept. 15—Pressure, liquid level, gas law, pressure cal 
culations, draft gages, manometers, pressure gages and re 
corders, liquid level gages. Testing and calibration. 

Sept. 17—Flow, 1—Water meters, wet-test meters, orifice 
meters, Venturi meters, Pitot tubes, rotameters, velometers, 
radiation flow meters, recording mechanisms. 

Special lecturer—Walter Kupchick—Pitot-tube—1 hr. 

Sept. 22—F low, 2—Orifice meter installations. Calculation 
and calibration of orifices. 

Sept. 24—Flow, 3—Flow measurement with pitot tubes. 
Testing and calibration of flow meters. 

Sept. 29—Electricity, 1—Circuit calculations, potentio 
meters, bridges, galvanometers, d-c. and a-c. instruments. 

Oct. 1—Electricity, 2—Relays, switches, solenoid valves, 
pressure switches. 
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Oct. 6—Electricity, 3—Electronics, amplifiers, tube c] 
ers, oscilloscopes, oscillators. 

Oct. 8—Electricity, 4—Standard Cells, resistors, n ! 
transformers, photo-cells. 

Oct. 13—-Temperature, 1—Tiemperature scale, standards 
types of instruments used. 

Special lecturer—Dr. E. H. Brown—History of ther 
mometry—1 hr. 

Oct. 15—Temperature, 2—Thermometers, thermostats, 
resistance thermometers, recorders. 

Oct. 20—Pyrometry, 1—Thermocouples, protection tubes 

Oct. 22—Pyrometry, 2—Portable and controlling pots 
tiometers. 

Special lecturer—J. H. McCoy—Servicing recording po- 
tentiometers—1 hr. 


Oct. 27—Pyrometry, 3—Recording potentiometers. 

Oct. 29—Pyrometry, 4—Optical pyrometer, radiation py 
rometer. 

Nov. 3—Remote Control, 1—Electric Systems. 

Special lecturer—A. Hastings—Instrumentation in Rus 
sian Ammonia plants—1 hr. 

Nov. 5—Remote Control, 2—Air Systems. 

Nov. 10—Remote Control, 3—Oil Systems. 

Nov. 12—Special Instruments, 1—Titrimeters, conduc- 
tivity meters, pH Meters. 

Special lecturer—Dr. E. H. Brown—Photelometers & Con- 
ductivity meters— 1 hr. 

Nov. 17—Special Instruments, 2—Polariscope, Viscosi- 
meter, Calorimeter, Humidity indicators, samplers, hydro- 
meter, Hardness testers. 

Nov. 19—-Analytical instruments. 1—Gas analysis. 

Special lecturer—A. Hastings—Hardness testers & calori 
meters—1 hr. 

Nov. 24—Analytical instruments, 2—Photelometers, spec- 
trographs. 

Nov. 26—Review. 


[Enclosures 2 to 5 are data sheets: tables, formulas, ete.] 


[Enclosure No. 6] 
Industrial Instruments Review Sheet 
Quiz No. 1 (20 minutes) Sept. 15, 1941 
1. Deseribe the three international standards of measure 
ment. 
2. What is a vernier used for? 
3. Name three types of balances. 
1. In an industrial plant, what is the easiest way of measur 
ing time accurately? 
5. The barometer is reading 27 inches of mercury. A | 
tube manometer on a tank reads 16 inches of mercury 


What is the gage pressure on the tank and the absolute 


pressure”? 
6. Design a simple pressure instrument for measuring th: 
depth of water in a tank 30 feet deep. 


1 


Sept. 24, 194! 

1. Describe three international standards of measurement 

2. Describe a simple pressure instrument for measuring t 
depth of water in a tank 50 feet deep. Illustrate. 

5. Sketch a Bourdon type pressure gage element. 

1. Compare the advantages of an orifice and Venturi met 

5, Sketch a flowmeter installation for a horizontal 6’ 
line 15 feet above the floor and using a U-tube ma! 
meter. Indicate direction of flow and show pressure-t 
spacings. 

6. Do the same for a steam line of same dimensions. 

7. We want to calibrate a Pitot tube. It is placed in 
stream known to be flowing at 3,600 feet per minu 


Quiz No. 2. (30 minutes) 
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portable pyrometer. — 
Choice of either rigid or flexible arms or both which are in- 


which are instantly interchangeable without change in instru- 
ment calibration. } 
4. Choice of seven standard temperature ranges. developing and 


couple assembly made of thermo-couple material to eliminate 
junction errors. 
Regardless of your application the Alnor Pyrocon will prove the 
most economical. Write for folder No. 3511. 
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Tested to 10 million 
operations without a 
breakdown, this unit is 
listed under the Re-exam- 
inction Service of the 
Underwriters’ Laborator- 
ies, Inc. Write for tech- 
nical information. Ask for 
bulletin B; no obligation. 
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Stands f ptical excellence 


“BAUSCH & LOMB H-B ELECTRIC CO., INc. 


























OPTICAL CO. « ROCHESTER, NEW YORK 
a ts a Monufaocturers ot DD Electrica Devices 


ee Se eS 2519 NO. BROAD ST., PHILADELPHIA, PA. 


Research, Industry and Eyesight Correction 































Clean air at endurable temperatures 
quarters. Aboard ships, in barracks, 
and in shops, air conditioning as- 
sumes a new importance. Ward 
The Alnor Pyrocon which has had such wide acceptance for every Leonard's contribution is electric 
}. Unusually heavy and rugged movement—highly essential in a automatic switches regulate the 
flow of coolants. 
stantly removable and interchangeable. builds motor starters for controlling 
Improved and enlarged assortment of thermocouples all of both pumps and blowers. Ward 
continuously 
producing special 
5 Greater accuracy. Yoke of arms and side plates of thermo- purpose controls for air conditioning, 


Leonard Engineers 


refrigeration, and 


Vhinors Le: ting Laboratories lac WARD LEONARD 


Electric control (WL) devices since 1892. 


142 West Hubbard Street Chicago, HMlinois WARD LEONARD ELECTRIC COMPANY 
38 SOUTH STREET, MOUNT VERNON, N. Y. 












WARD LEONARD CONTROLS 


over fifty vears have contributed 


Part im increasing Safety com! 


hciency i ur me m the service 


FresH AIR 
below decks 


congested 


prov ides 


Leonard 


essential 











IMPROVED 


“SPOTLIGHTS” 





Rubicon MULTIPLE REFLECTION galvanom 
eters have recently been much improved through 
redesign of optical system. The definition of the 
line-image is now so sharp that readings can be 
estimated to .1 of a millimeter division 

These sturdy self-contained galvanometers are 
available with sensitivities as high as 5 x 10-™” 
ampere and 1 x 10-* vole per millimeter division 


ASK FOR BULLETIN 320 


RUBICON COMPANY 


Electrical Instrument Makers 


Ridge Ave. at 35th St. Philadelphia, Pa. 


Galvanometers, Electrometers, Potentiometers, 
Colorimeters, Wheatstone & Kelvin Bridges 
Resistance Standards, Resistance Boxes, Coil 
Testers, Clip-on Ammeters, etc 
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(air). The manometer reads 7.7 inches water. What is 


the coefficient C of the tube? 


G@uiz No. 3 (one and one-half hours) Oct. 8, 1941 
] What Ohm’s law” 
Draw a potentiometer circuit. 


Sketch a d-c. instrument movement showing arrangement 


ot beari S and springs. 

Draw a relay circuit to operate from a contact-making 

thermometer and break a current of 15 amps at 230 
Its 

Sketch a vacuum-tube characteristic and show where the 
‘cut-off point” is 

Draw a hook-up for a phototube on to a vacuum tube and 

relay. 

Quiz No. 4. (45 minutes) Oct. 15, 1941 
What are the three instruments used for determining the 
international temperature scale? 

2, Why is the freezing point of gold used as a standard 


rather than the melting point? 
Describe and sketch: 

a. Mercury thermometer—glass 

b. Mercury bulb thermomete? 

c. Vapor pressure bulb thermomete: 

d. Gas bulb thermomete: 
Describe and sketch the action of a bimetal thermometer. 


(one hour) Oct. oie 194] 
A millivoltmeter of range 0-50 mv. is to be used foi 
measuring temperature up to 1,980° F. What type of 
thermocouple would you use, how would you connect it 
up, and how would you calibrate it? 

What steps would you go through to standardize a port 
able potentiometer? 

Draw a simple potentiometer circuit and show where the 
temperature compensating coil is located. 

:. Illustrate the principle of a recording potentiometer. 
Describe three types of pyrometers using optical or ra 


diation measurements. 


Quiz No. 6 (one hour) Nov. 10, 1941 
An engineer wants an indicator in his office to show the 
level of a river six miles away. Sketch an instrument 
installation for doing this job. 

Sketch in detail an air-operated controller for maintain 
ing the temperature of a steam heated bath 
What is throttling? Illustrate. 

What is droop? What is reset? Illustrate. 


Sketch in detail an air-gas ratio controller showing all 


accessories. 


Quiz No. 7 (one hour) Nov. 19, 194] 
Sketch the circuit of a glass electrode pH meter. Show 
how the potentiometer is included in the circuit. 
Draw the circuit of a conductivity meter. 

What is the principle of an Orsat gas analyzer? 

1. Why should gas flow through a thermal conductivity 

analyzer be constant? 
Illustrate a hardness tester. 
(. Describe three types of humidity meters 


| Enclosure No. 7] 
Industrial Instruments Nov. 26, 1941 
Final Examinatior 
What are the three international standards of measure 
ment; what are they based on? 
2. In an industrial plant, what is the easiest way to obtair 
a time standard? 
The barometer reads 30” of mercury. A manometer on 
a tank reads 15” of mercury. What is the absolute pres- 
sure and the gage pressure on the tank? 
1. Describe a simple pressure instrument for measuring 
the depth of water in a tank 2.5 feet deep. 
A Pitot tube with a coefficient of 1 reads 6.23” of wate 
when placed in an air duct. What is the air velocity at 
point of measurement? 
6. Sketch an installation for measuring the flow of steam 
in a horizontal 10” pipe. Show tap spacings. 
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Draw a Wheatstone bridge. What is the relation 


resistances”? 
§. Sketch a d-c. instrument movement, showing arr: 
ment of bearings and springs. 
4. Draw a vacuum-tube relay circuit to operate f) 
phototube and break 20 amps. at 230 volts. 
What three instruments are used for determining, 
international temperature scale? 
11. What precaution must be observed in installing a \ 





pressure bulb thermometer? 

12. Describe and sketch the action of a bimetal thermo 

13. To measure a temperature close to 2,900° F. to w 
10°, what type of couple would you use, what typ 
instrument, how would you hook it up, and then stand 
ardize or calibrate it? 

14. Draw a_ potentiometer circuit, showing location 
standard cell and temperature compensating coil. 

15. Deseribe three types of pyrometers of the optica 
radiation type. 

16. A wind direction indicator vane is mounted on a m 
tain top. We want to read the wind direction in a sl} 

eight miles down the mountain. Sketch an installat 

for doing the job. 

Sketch an air-gas ratio controller, showing accesso 

8. Sketch the circuit of a glass electrode pH meter. S! 
how the potentiometer is included in the circuit. 

1%. Why should gas flow through a thermal conductivity 
analyzer be constant? 

20. Deseribe three types of humidity meters. 





‘Toots’ Calibrate Sound-level Meters 


Fy first glance this photograph shows a new musica 
instrument being tested but it actually shows the pre 
liminary calibration of sound-level meters in the Genera 
Electric Co.’s general engineering laboratory in Schenec 
tady, N. Y. As John R. Outt (left) blows on a brass whistli 
a note of known loudness, Walter Mikelson (right) turns a 
screw adjusting the sensitivity of the vacuum-tube am; 

fier in each meter. Final calibration takes place in a sound 
proof room. Unlike a musical instrument, from which sound 
output is proportional to effort, this standard whistle p 








duces only one definite maximum sound intensity, obtail 
with a moderate amount of air pressure by virtue of 
arrangement of washers in the tube which is closed at 

end except for a small hole. Designed primarily for fi 
calibration of G-E sound level meter, this whistle makes 
possible to obtain an overall calibration taking into accou 
temperature variations which affect the microphone. As 
musical instrument it rates low; as an engineering inst 
ment it rates well, it rates this paragraph in Jnst 
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hats In Step mith Today's 


STOP CLOCKS 


Today's brisk pace of production calls for efficiency in 
every department. Keep your precision timing on 
schedule with Standard Electric Stop Clocks. Auto- 
matic measurement of elapsed time (down to .005 
second) is accomplished automatically—manual error 
eliminated. Models for short or long intervals. Easy 
to read, simple to operate, ruggedly constructed for 
heavy-duty service. 


Writ r literat ar details « 
30 DAYS FREE TRIAL Wi"s.tzuiaqure sm details 0 





ALL PURPOSES 


The 





Model 670 Integrating and Indicating 
Flow Metey 


* 
HIGH PRESSURE METERS 
Standard Differential Range—20” to 150” Water 
LOW PRESSURE METERS pr eare 
Standard Differential Range—1” to 8” of Water Jouble wound 
‘ oe 


Range Change Can be Made Without 
Taking Meter Out of Service 


* 
Write for Bulletin 410 









Aver 





740 N. FRANKLIN ST. CHICAGO, ILL. ""Custom-built’ 










’RECISION TIMING 


Production Speeds 


THE STANDARD ELECTRIC TIME COMPANY 


75 Logan St., Springfield, Mass. Branch Offices in Principal Cities 
“STANDARD MAKES EVERY SPLIT-SECOND COUNT” 





FLOW METERS FOR Where Fast 
Action is 
Required... 


Type C RELAY 





electrical, electronic and industrial use. 









A Transformer Source... 


<a sont >" 
a 


A list of UTC users reads like the blue book of industry. 
Chosen for quality, dependability and unusual designs, 
UTC has solved many transformer application problems. 


May we cooperate with you on your application? 


LUNJEDSIBANSEORMERSDD 


5 ARICK STREE 
mPpoaryr ¢ var * 


vis N . TREE? 





SUPER-FINE 


CLARE 





Recommended . oe 
for all delicate and _ precis. 


Electrical and Laboratory Equipment 


to meet your pate. §©6 Leaves no residue of 
secrete s-%" DIRT or STICKY GUM... 
Y Wri for A vailable ... 
got Ro. 4719 etn Sein in small bottles with applicator. 


as illustrated, or in 8 ounce, 


16 ounce and gallon’ containers. 
g 


Toe CLARE RELAYS DAVENOIL COMPANY 





multiple contact relays for 158 SUMMIT STREET * NEWARK. N. J 
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Measuring Mechanical Vibrations 


Continued 
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sion. With a magnification of 8142, 


to read amplitudes down to approximately one ten-thou- 
Amplitudes over 0.001 
Below 0.001” the error increases as the ampli 
tude decreases but can always be read within 0.0001". 


sandth of an inch. 


‘ 


within 5%. 


Fig. 10 shows microphotographs of four typical records 
made on the vibrograph. The timing wave is distinguished 


by its somewhat heavier line. 


In addition to precision and other measuring properties 
which have been reported quantitatively, a practical instru- 





it therefore is possible 


R-758 
Fig. 10 


ean be read 


INSTRUMENT SOCIETY MEETING 


New Jersey Society for Measurement 


and Control. Tuesday evening, April 7, 


Essex House, Newark, N. J. Dinner at 
7, discussion at 8. Richard F. 
Secretary, 409 Orange Ave., Cranford, 
N. J. 
American Society for Measurement 
INSTRUMENTS 


Page 94—Vol. 15 


Robey, 


and Control. Monday evening, April 20. 


L. M. Susany, Sec’y, care of Carnegie 
Library, 4400 Forbes St., Pittsburgh, 
Pa. 


Chicago Society for Measurement and 
Control, Monday evening, April 13. 
Symposium on Analysis Instruments 


from 
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ment should be small, light and compact. A qualitative pres- 
entation of these three characteristics is given in conclusion, 
in the form of photographic views, Figs. 11 and 12. 





NOTICES 


including X-ray Diffraction Analy 
Infra-red Analyzing Equipment, 5} 
troscopic Analysis of Elements (th 
speakers). Technical Chairman, H. 
Hulsberg, St. Clair Hotel. Dinner ($1 
at 6:30, meeting at 8. Carl Hope, Ex 
See’y, 2626 W. 31st Blvd., Chicago. 





